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ABSTRACT 
The perched beach concept is under consideration as an alternative to 
traditional methods of beach stabilization. The method utilizes a submerged toe 
structure built parallel to the shoreline which may retain fill sand and/ or 
protect the beach from destructive waves. Because of their simple construction 
and low cost, homogeneous rubble-mounds are expected to function well as sub-
merged toe structures. In order to de" ~lop a method of design for such struc-
tures, the stability of submerged homogeneous rubble-mounds was studied. 
Monochromatic and irregular wave tests were performed on a model of a struc-
ture in the 32.66m long wave flume at the lmbt Hydraulics Laboratory of 
Lehigh University. The results show that structural stability is a function of 
the relative crest height of the structure - the ratio of the height of the struc-
ture to the depth of water at the structure, and the incident wave energy which 
is accounted for in a dimensionless parameter called the modified stability num-
ber. In comparing the monochromatic wave test results with the irregular wave 
test results it was also found that damage resulting from monochromatic waves 
of a given height and period approximates the damage that would occur from 
irregular \\'aves of an equivalent representative height and an equivalent spectral 
peak period if the representative height is defined as the average of the highest 
ten percent of the wave heights of record. Furthermore, it was found that the 
mode of failure of the structure is determined by the relative crest height. A 
structure with a relative crest height of less than about 0.6 or 0. 7 tends to 
erode mainly toward the landward face, whereas a higher relative crest height 
tends to erode mainly toward the seaward face. A chart was developed for 
damage prediction and the design of stable submerged, homogeneous rubble-
I 
'I .. 
.. 
r 
.. 
mound structures of geometry similar to -the test structure. Lines of constant 
damage were plotted on axes of relative crest height versus the modified 
stability number. Mild corroboration of the design chart was suggested by com-
parisons with results from other model studies of the same scale. The influence 
of scale effects upon the model study is unknown and should be investigated. 
2 
Chapter 1 
INTRODUCTION 
Beach erosion is a common problem at several locations along the New 
Jersey shore as well as along much of the shoreline of other coastal states. As 
beaches erode, shoreline structures which are designed to stabilize the shore posi-
tion and prevent storm surge flooding are in turn exposed to the ravages of the 
sea. Other coastal features such as houses, boardwalks, and roads may also be 
endangered. 
, 
A common solution for the beach erosion problem has been the periodic 
placement of sand fill to renourish the beach. Beach nourishment is often ac-
companied by the placement of structures to help stabilize the fill. Groins· are 
commonly erected. Less commonly, offshore breakwaters are used. Groins are 
useful to prevent the loss of sand from longshore transport, but have little effect 
in preventing the offshore transport ( and effective loss) of sand that is common 
during storms. Groins also do little to protect the shore and its structures 
from direct attack by storm waves. Offshore breakwaters built essentially paral-
lel to the shore and outside the surf zone intercept waves and help retain the 
beach sand. But they are necessarily massive structures and consequently are 
extremely expensive ( several to ten thousand dollars per foot in the open ocean). 
The perched beach ~oncept is a variation on the use of the offshore break-
water for the stabilization of a nourished beach and the protection of shore 
structures. As shown in figure 1, a low, submerged toe structure is constructed 
offshore and parallel to shore. A broadened beach is created by the placement 
of sand behind the structure. Although the bottom profile is raised, the equi-
librium slope is duplicated in order to promote stability of the new bottom. A 
3 
( 
stone apron can, be placed just landward of the toe stru~ture to protect the fill 
from the erosive action of waves breaking in the vicinity of the structure. 
Traditional beach nourishment requires a large amount of sand~ The layer 
of fill must extend far into deep water, allowing the new profile to blend 
\ 
gradually with the old surface. If the new layer of fill does not gently taper 
out, an oversteepening occurs, resulting in an unstable fill profile. The perched 
beach concept requires much less sand because the toe structure provides an 
abrupt; yet stable restraint. 
In addition to retaining the sand fill the toe structure triggers the break-
ing of the largest and most erosive waves, dissipating much of their energy be-
fore they reach the beach face. Even if beach nourishment is not planned, the 
submerged toe structure may function to stabilize the natural beach and to 
r 
protect shoreline structures. Because the lower "'day-to-day" waves are affected 
only slightly by the structure, the recreational attraction of the beach is 
preserved. 
The destructive effect of the breaking waves upon the structure is not as 
intense as might be anticipated for structures that are not totally submerged. 
Consequently, a relatively small stone size is required to give a submerged struc-
ture adequate stability. 
Furthermore, it is expected that toe structure construction. need be no 
more complicated than a homogeneous pile of stone. l.,ayering of different 
gradations of stone is not necessary since wave transmission through the struc-
ture is not a concern. The srnall stone size and homogeneous nature of the 
structure provide for simplified construction techniques. 
This study is part of an effort to investigate the relative benefits of the · · 
4 
, . 
. 
perched beach concept over the normal fill method. At its completion, the study 
will provide a comparison of the two approaches. The study will include wave 
. -· 
tank investigations and a cost comparison between the methods. The pha·:ie of 
the study covered in this. thesis involves investigation of th·e stability of the toe 
structure and development of guidance for its .1esign. 
The following sections of this thesis begin with a literature survey which 
introduces the concept of rubble-mound structure stability and describes how it 
has been adapted for application to the submerged toe structure. The 
laboratory test facility, including the wave tank, generator, and instrumentation, 
is described and followed by ·a presentation of the test program and data aquisi-
tion. The resulting data is then presented and used to determine the wave 
heights for given period and water depth conditions which produce specified 
levels of damage in the test structure. This information in turn is used to con-
struct stability design curves based upon a spectral stability number, to inves-
tigate the modes of structural damage, and to compare spectral wave damage to 
monochromatic wave damage. 
5 
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Chapter 2 
BACKGROUND 
2.1 The Santa Monica Model Study 
In 1969, the State of California requested the assistance of the U. S. Army 
Corps of Engineers Waterways Experiment Station to determine the feasibility of 
using a perched beach in the creation of a freeway right-of-way along the Santa 
Monica, California coast. ..\)though the study in its entirety was never finished, 
a report [4] was released on the completed phases, including a model study for 
-
designing a stable toe structure. The initial stability investigations were con-
ducted on n1odel toe structures without fill sand shoreward of the structure. 
This was done for the reason that a significant period of time can elapse be-
tween the construction of the toe structure and the placement of the fill sand. 
During this period of time, the structure must be independently stable. The 
study structures were 3n1 high (prototype) and built to a scale of 1 :30. At dif-
ferent depths and 'w·ave conditions, different stone sizes were used to armor the 
structures. In this \\'ay it was determined what stone sizes were required for 
building in various depths of \\'ater. The stone sizes (model) ranged from 3.6g 
to 113.4g. No general general structure design guidance was developed, 
however. Although the Sanr.a Monica structures were nonhomogeneous and of 
slightly different geometries, similarities \vith the structure used in this study al-
low a comparison in the data analysis section of this rt-port. 
It was also shown at the shallowest depth that, contrary to what was ex-
pected, nonbreaking waves tended to damage the structure more than breaking 
v..1aves. 
6 
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2.2 Stability of High Crested Breakwaters 
Early studies of rubble-mound stability were concerned with the investiga-
tion of breakwaters which have crests above the mean water level. Hudson 
(9] 
performed extensive wave tank tests on such breakwaters and developed
 a 
method for breakwater armor stone stability analysis. The derivatio
n of 
Hudson's stability relationship is based upon the assumption that wave dama
ge 
occurs when the dynamic forces equal the buoyant weight of the armor un
its. 
The formulation defines armor unit stability with a dimensionless stability nu
m-
her, !'; , where 
s 
H N -==~~~~~~~­
j (w50/wr)l/3(Sr-1) 
, 
(2.1) 
Here H is the wave height, w 50 is the median· armor stone weight requ
ired for 
the stable condition, w is .the specific weight of the armor unit, and S is the r r 
specific gravity of the armor unit. Hudson showed that the stability num
ber 
depends primarily upon the front face slope of the structure, 8, and the arm
or 
unit shape. Experimentation yielded 
(2.2) 
or 
w H 3 
r (2.3) 
w .:= 
KD ( Sr -1)3cot (J 
where K0 is a coefficient which accounts for armor 
unit shape, metbod of place-
ment and other factors 1; and w is the weight of an armor unit required 
for 
structure stability. Hudson's tests err1ployed monochromatic \vaves. 
For ir-
1K0 is explained in more 
detail in Reference I 13]. 
"" 
' 
.. 
regular waves, the \alue H 2 ~r H 3 is substituted in the expression for H. It 
a mo 
is apparent that this approach to stt1oility considers wave height to be the only 
important wave characteris~encing stability. 
2.3 The Effect of Wave Period on Stability 
Gravesen [8] conducted a model study on the stability of high crested 
rubble-mound· breakwaters. The analysis showed that the stability is influenced 
not only by the wave height, but by the wave period or wavelength as well. 
Structural damage was shown to increase with an increase in the period of peak 
energy density. 
Ahrens [I] confirmed Gravesen 's finding for low crested, homogeneous 
rubble-mound breakwaters with a 
. 
series of 205 model tests using irregular 
waves. His model tests all began with relative crest heights4 of about 1.00, 
ranging from 0.99 to 1.40, which is to say that the structures all began with 
crests at or above the water level. Each test had a different combination of 
the following parameters: peak energy v;ave period, H , structure cross-section, mo 
stone size, and stone density. Four different peak wave periods were used and 
two different types of stone \vere used separately to build the homogeneous 
structures. The tests involved exposing the structure to Kitaigorodskii type 
wave spectra until the structure settled into an equilibrium configuration. 
Damage was defined as the ratio of the crest height of the damaged structure 
2H is the significant wave height or the average height of the highest one third of the waves. 
s 
3tt is the zero-moment wave height or a representation of the energy of the ·waves. 
mo 
identical to H in deep water. For more information see Reference !IS]. 
s 
h 
4The relative crest height is the ratio of the structure crest height to the water depth, d' 
8 
.,, ,, 
H . 1S 
mo 
\ 
( 
to the crest height of the undamaged structure and plotted as a function of the 
stability number, N , separately for each of the five structure geometries used. 
8 
The plots showed much scatter, which was greatly reduced when the damage 
was replotted versus a modified stability number, N8 *, where 
( H 2 L )1/3 
N x== P 
J (w50/wr)l/3(Sr-1) 
(2.4) 
which takes wave period into account by including the peak energy wavelength, 
L , calculated for the depth of water found at the structure. The 
p 
monochromatic wave investigation found later in this report makes use of this 
expression by substituting the monochromatic wavelength, L, for L . p 
The plots also consistently showed that a threshold of damage occurs at 
N • values of approximately six or seven. Little damage occurs at modified 
s 
stability numbers below six and damage becomes readily visible at values above 
eight. It is shown in later sections that if the relative crest height is decJased, 
the threshold of damage values for N * increase. s 
The cubing of the· stability numbers allo\vs stability to be viewed as a 
function of either H3 or H2L. Behnke and Raichlen [2] provided evidence that 
H2L has an important influence upon breakwater damage. They proposed that 
for an armor unit of given characteristics, a wave must posses some minimum 
amount of energy in order to impart damage to a structure built of such armor 
units. Behnke and Raichlen point out that H2L is proportional to the wave 
energy and so use the quantity to represent the energy incident upon the struc-
ture. Plots of laboratory data from a series of monochromatic breakwater tests 
indicate that a specific amount of damage to a breakwater can be caused by a 
given number of waves of a given height and Jength. If the test is repeated 
9 
.. 
... 
with only the wavelength changed, the amount of damage will be different from 
the first case. For waves of equal height, the longer the wavelength or perjod, 
the greater the damage potential of the wave. Furthermore, the extent of 
damage to a structure was shown to occur fairly consistently as a function of 
the "cumulative wave energy" (I:~ 1 H i2 Li' where i denotes a particular wave 
and n==the total number of waves) to which the structure is exposed. The func-
tion is shown to be independent of the wave regularity, i.e. the rate of damaJe 
with respect to cumulative energy is similar for both monochromatic and ir-
regular wave t.ests. 
2.4 Representative Wave Heights for Irregular Conditions 
In deep water, the zero-moment wave height is very nearly equal to the 
significant wave height and the two quantities can be used almost interchange-
ably. However, as waves move into shallow water they become distorted and 
the significant wave height, which changes with the wave distortion, becomes 
different from the zero-moment wave height, which represents wave energy. 
Vincent [ 15] establishes a method for determining the zero-moment wave height 
of a broad spectrum in shallo\\· water. Because H represents the energy of mo 
the waves, it may be more appropriate to use than Hs for break\\·ater stability 
analysis and design. 
10 
2.5 Scale Effects 
Dai and Kamel (6] use a special Reynolds number~ R 0 , to determine the 
susceptibility of a model to scale effects. The models that they studied were 
rubble-mound structures with crest heights above mean water level. The types 
of armor on the models included different textures of quarrystone and quad-
ripods. Dai and Kamel's model defines a critical value for R , where n 
g 1/2 H D =01/2(/ c) a 
R 
n V 
(2.5) 
and g is the acceleration due to gravity, H0 =0 is the model's zero damage wave 
-Ji 
height, ( le) a is the characteristic linear dimension of a model armor unit, and v 
is the kinematic viscosity of the modelling fluid. A R value above the critical n 
value of 40000 indicates that a model is not susceptible to scale effects. A 
value of less than the critical value indicates that a model may be vulnerable to 
scale effects. 
I~ 
1: 
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Chapter 3 
EXPERIMENTAL SET-UP 
3.1 Experimental Equipment 
,. 
Stability tests for a perched beach toe structure were performed in the 
concrete wave flume at the lmbt Hydraulics Laboratory of Lehigh University. 
The inside dimensions of the flume are 32.66m by 0.91m by 0.91m (Fig. 2). 
Waves were generated at one end of the flume by a pair of pneumatically 
driven piston · wave generators. The characteristics of the waves were controlled 
by a programmable signal generator which governed the movement of the gener-
ator pistons. The signal generator was capable of creating monochromatic 
waves or a variety of wave spectra. The wave generator system was equipped 
with absorption capability; i.e., reflected waves were sensed by the generator 
and subtracted from the wave being generated at the same moment. Absorp-
tion control allowed continuous monochromatic \\'ave testing with minimal inter-
ference from reflected waves. 
The glass test section of the flume was located 20. 78m from the wave gen-
erator. It contained the model structure situated on a~ plywood slope. The 
slope was 1 :20 from the horizontal and approximated the beach slope that is 
typical of the ocean nearshore zone. The join ts between the slope and flume 
\\'alls were sealed to prevent flow through the face of the slope. However, to 
minimize set-up behind the slope, flow was allowed to circulate underneath the 
plywood and through a slit at the toe of the slope. The centerline of the 
model rubble-mound structure was located 2.64m upslope from the plywood toe 
which was itself located 19.35m from the wave generator. 
12 
Beyond the test section two piles of coarse stone functioned as· wave ab-
sorbers. The first pile was placed against the back of the plywood slope and 
the second was located at the far end of the flume. The porous nature of the 
piles damped out wave motion, thereby reducing wave reflection. 
A point gage was used to survey the model structure so that changes in 
its geometry could be determined. The point gage was mounted upon i car-
riage which rolled upon a pair of level rails along the top of the flume. Trans-
verse movement of the gage was permitted by means of a sliding collar. Ver-
tical movement was permitted by the workings of the gage itself. Therefore, 
points could be defined with the gage in three-dimensional space. 
A fairly standard wave recording system was used for measuring the wave 
conditions during the irregular wave phase of testing. Waves were measured at 
the toe of the plywood slope by a parallel wire wave gage. An amplifier con-
ditioned the gage output signal and relayed it to a stripchart recorder where the 
water surface-time history was recorded on graph paper. The permanent rec~..1rd 
provided information that allowed the quantification of the incident \\'aves. 
3.2 Test Str11cture 
The structure was formed by dumping stone through the \.Vater from a 
small scoop and then shaping it by hand to the desired geometry. A cross-
sectional outline was marked on one of the tank walls and used· as a pattern. 
Although a scale of 1:30 was used for guidance in designing the structure, the 
analysis is presented in a dimensionless form so that the results can be app]ied 
to any prototype scale. The length of the structure extended the full flume 
., 
\vidth of 0.91m and the undamaged structural cross-section for each test was ap-
proximately as shown in Fig. 3. The front and back slopes were both 1:1.5, 
13 
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the crest width was 7.6 cm, or 4.3 median stone diameters, and the height of
 
the structure at the center of the crest was twice the crest width, 15.2 cm. 
The stone was a rose quartzite with a specific gravity of 2.69. The stone 
weight distribution is shown in Fig. 4 where the median weight appears as 15g,
 
the 2% lighter weight as 2.5g, and the 98% lighter weight as 40g. 
Eight hundred Newtons of the stone was prepared for use in testing. The 
stone was segregated into groups according to weight. This was done by weigh-
ing each stone individually on a balance and placing it into the appropriate
 
' 
group. The stones were then painted with enamel spray paint to distinguish
 
. 
between the different weight categories. The categories are shown in Table 1
 
with the respective total w~ight of each group and the identifying colors. In or-
der to improve the weight distribution, some of the smaller stones had to
 
farmed by crushing larger stones with a sledge hammer. Flat and spindly
 
stones were removed so that only the blocky and angular ones were used in
 
building the structure. 
/ 
14 
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Chapter 4 
EXPERIMENTAL PROGRAM ·AND PRO-
CEDURE~ J 
The experiments were conducted in two phases. First, the structural 
stability of the rubble-mound was tested under monochromatic wave attack. In 
the second phase, the stability was tested under spectral (irregular) wave attack'. 
Since both phases required the measurement of structural damage, the method 
of damage determination is presented first and is followed by descriptions of the 
two phases of testing. 
4.1 Damage Determination 
Changes in the geometry of the structure due to wave attack were 
monitored through surveys using the point gage system described in Section 3.1. 
The structure was surveyed for each test run first in its initial, undamaged con-
dition and then in each of its subsequent damaged conditions caused by in-
creases in \\'ave height. Elevation readings were obtained in each survey along 
four profile lines A, B, C, and D at stations O through 29 as shown in Fig. 5. 
(The station locations are detailed in Appendix A. I) The elevation readings 
were recorded in a notebook and later transferred to computer files. 
A FORTRAN computer program read the survey data files and performed 
the following computations for each test run: 
1. The four elevation readings at each station for the initial, undamaged 
condition were averaged to create one representative profile. 
2. The initial, undamaged cross-sectional area was calculated from the 
representative profile and the known bottom elevation readings. 
I 
3. Average profiles were determined for each of the damage conditions. 
15 
\ ., 
4. Each average profile was compared to the initial average profile (Fig. 
6). Percent of damage was calculated as the area of scour multiplied 
by 100 and divided by the initial representative cross-sectional area. 
Percent of seaward accretion was calculated as the gain in cross-
sectional area on the seaward side of the structure multiplied by 100 
and divided by the initial representative cross-sectional area. 
Landward accretion was calculated as the gain in cross-sectional area 
on the landward side of the structure multiplied by 100 and divided 
by the initial representative cross-sectional area. 
4.2 Monochromatic Wave Test 
Table 2 summarizes the test program for the monochromatic phase of test-
ing. The three variables of interest are the depth of water above the 
structure's crest, the wave period, and the wave height. For each set of test 
runs, the depth and period were set at constant values and the wave height was 
varied from low to high values. The cumulative damage as defined in section 
4.1 was measured after each run where increased damage occurred and then 
plotted as a function of wave height. The plots are referred to as "damage 
plots" and are shown in figures 7 through 17. 
\. 
The following steps detail the procedure used to develop the 
monochromatic damage plots: 
1. The test structure was placed and shaped according to the geometry 
shown in Figure 3. For the first placement, the stones were dropped 
from a small scoop through the water and then arranged by raking 
motions of the hand. The color coding of the stones was used for 
visual inspection to ensure a homogeneous distribution of the sizes. 
2. The structure was surveyed to determine its actual undamaged cross-
sectional geometry. 
3. The water depth above the crest of the structure was adjusted to ob-
tain the desired value for the test series. 
4. The wave period \\'as programmed into the wave generator. 
5. Waves of small height were generated and the structure was visually 
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_ observed through a glass wall of the test section. If no damage ap-
pearing measurable (in the observer's best judgement) occured to the 
structure after 10 to 20 minutes, then the wave height was increased. 
If after another 10 to 20 minutes no damage appearing measurable 
occurred, the wave height was increased again. This process was 
continued until the damage appeared measurable. Each time a new 
wave height was introduced, it was measured .305m before the struc-
.ture with a staff gage on the glass and recorded. 
6. The waves were allowed to run until the structure reached a state of 
equilibrium, i.e., the stones of the structure stopped moving to dif-
ferent locations ( at times the wave conditions were so violent that 
not all of the stones would come to a complete rest, but would rock 
gently in one location). Equilibrium required anywhere from 15 to 
90 minutes to be reached, depending upon the water depth over the 
crest and wave conditions. 
7. At equilibrium, the waves were stopped and the structure was sur-
veyed for damage as described in section 4.1. 
8. The waves were resumed. In the same manner as before, the wave 
height was increased further until the additional damage appeared 
measurable. 
9. The structure was allowed to achieve a new equilibrium geometry in 
the damaging v.-·ave condition~. 
10. The waves were stopped and the structure \Vas surveyed for cumula-
tive damage. 
11. 1..,he process of increasing the wave height and surveying the resulting 
equlibrium configurations continued as far as the limitations of the 
generator perrnitted. 
12. In order to begin a new test run, the water depth and/or wave 
period were changed and the test Wj)Cess was started from the begin-
ning. Tests of three different \\'ave periods were attempted for each 
water depth and then the depth was increased. 
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4.3 Irregular Wave Test 
!?nur tests were performed with irregular waves of a JONSW AP distribu-
tion to establish a basis of comparison between stability of the structure under 
monochromatic waves and under irregular waves. The variables of interest un-
der irregular wave conditions are the relative crest height of the structure, the 
peak spectral wave period, and a statistical representation of the wave heights. 
The significant wave height; the zero-moment wave height; and-Anally, H10, the 
average of the highest ten percent of the wave heights in a record, are con-
sidered for use as this last variable. For each test run, the depth and peak 
period were set at constant values and wave height was varied, as in the 
monochromatic tests, from low to high values {see Table 3). The cumulative 
damage incurred by the structure was recorded for two wave heights per test 
run and plotted on the monochromatic damage curves where the peak period 
was considered to be identical to the steady monochromatic period. 
The following steps detail the procedure used to develop the irregular 
damage plots~ 
1. The test structure was shaped by raking motions of the hand accord-
ing to the geometry shown- in Figure 3. The color coding of the 
stones was used for visual inspection to ensure a homogeneous dis-
tribution of the sizes. 
2. The structure was surveyed to determine its actual undamaged cross-
sectional geometry. 
3. The water depth above the crest of the structure was adjusted to ob-
tain the desired value for the test series. 
4. The \\-'ave spectrum and peak period were programmed into the wave 
generator. 
5. The wave gage was calibrated. This was done by first centering the 
pen while the water level was still. Then the wave gage \\-'as raised 
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and lowered by discreet intervals. The corresponding displacements 
of the pen on the stripchart recorder were marked, providing a cor-
relation. between the change in depth of su bmergemence of the gage 
and the displacement of the recorder pen. An example of calibration 
is shown in Figure 18. .. 
6. Waves of small height were generated and gradually increased in 
height until damage appearing measurable was observed. 
7. Approximately two minutes of waves were recorded. 
8. The waves were allowed to run until the structure reached a state of 
equilibrium, i.e., the stones of the structure stopped moving to dif-
ferent locations ( at times the wave conditions were so violent that 
not all of the stones would come to a complete rest, but would rock 
gently in one location). Equilibrium required anywhere from 15 to 
90 minutes to be reached, depending upon the depth and wave con-
ditions. 
9. At equilibrium, the waves were stopped and the structure was sur-
veyed for damage as described in section 4.1. 
10. The wave gage was recalibrated. 
11. The waves were resumed. In the same manner as before, the wave 
height was increased until the additional damage appeared 
measurable. 
12. Approximately t\vo minutes of waves were recorded. 
13. The structure \\'as allowed to achieve a new equilibrium geometry in 
the damaging wave conditions. 
14. The waves were stopped and the structure was surveyed for cumula-
tive damage. Because of the time consuming nature of the irregular 
\\'ave tests, a maximum of two surveys were made in a given test. 
15. In order to begin a new test run, the water depth and/or wave 
period were changed and the test process was started from the begin-
. 
n1ng. 
The entire process was repeated three times to yield test results for four dif-
ferent depth-peak-period combinations. 
In order to determine the significant wave heights and zero-moment wave 
heights that corresponded to the damage profiles, 20 to 40 second portions of 
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the continuous wave history records_ were discretized into 0.1 second intervals 
. 
and stored in computer files. For each record this resulted in approximately 21 
waves per record with about 6 to 26 time-elevation points defining each wave. 
FORTRAN programs read the files and performed the desired calculations. The 
significant wave height was found as the average of the highest one third of the 
waves in the record, ·where the waves are defined by the zero down crossing 
method [ 12]. The zero-moment wave height, H , was found by measuring the :no 
water surface deviations from mean water level (,,) at a fixed distance from the 
wave generator and regular time interval, squaring the values, summing them, 
dividing the sum by the number of measurements (n), taking the square root 
and multiplying by four as shown by 
n L ,,2 
H =4( ) i/2 
mo n 
H
10 
was found by averaging the highest ten percent of the wave heights of each 
record. 
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Chapter 5 
PRESENTATION OF EXPERIMENTAL 
DATA 
.. 
The data from the damage surveys are presented in the Appendices. Ap-
pendix A locates the stations where elevations were read during_ the surveys and 
• 
lists the corresponding bottom elevation readings. Appendix B lists the eleva-
tion readings from the surveys of the structures. The heading at the top of 
each page indicates the test run condition, i.e. relative crest height and period 
combination, from which the data were gathered. The first column of infor-
mation lists the stations along the profile lines where the elev at ions were taken. 
(See figure 5). The remaining four columns list the point gage elevation read-
ings according to profile and location along the profile. The first set of data 
presented under a given condition always represents the survey of the initial, 
undamaged condition. The initial survey is always followed by one to four 
damage profile data groups in order of increasing \\·ave height and damage. 
The damage plots sho\\ring percent damage versus wave height are 
presented in figures 7 through 17. Each plot represents data collected from 
monochromatic '"'·ave tests with the depth and wave period were held constant. 
( As so1ne test runs duplicated depth-period conditions, some plots represent 
more than one series of test runs). Percent damage to the structure, as defined 
in section 4.1, is plotted as a function of wave height and fitted with a curve 
estimated by eye. 
The damage plots also include data from the irregular wave tests. 
Damage values yielded by the· irregular wave tests are plotted as functions of 
both the corresponding significant and zero-moment wave heights. 
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The modes of failure are plotted as functions of the wave period and .the 
relative crest height for the monochromatic wave tests in figure 19 and for the 
irregular wave tests in figure 20. Modes of failure are distinguished by the 
. 
location of primary accretion on the damaged structure. Primary accretion may 
occur on the seaward side of the structure (front face), the landward side of the 
structure (back face), or in such a way that neither side is favored. 
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Chapter 6 
DATA ANALYSIS 
6.1 Data Reproducibility 
Because the building of a rubble-mound structure is a random, non-
reproducible process of stone placement, no twa structures are exactly alike. 
This is easily seen in the survey data, for example, by comparing initial crest 
height elevation readings. Uniqueness causes each structure's response to wave 
attack to vary in detail. The question arises: Are the damage curves produced 
by each structure unique so that they cannot be used to represent the responses 
of other similar structures under similar conditions? 
Figures 9 and 10 provide evidence that damage plots are not sensitive to 
the random placement of the stones. Each of the two plots contains data from 
more than one test structure. In both cases, technical difficulties caused the 
testing to come to a halt before an adequate number of data points were 
gathered. Testing was later restarted und-er the same period and relative crest 
height conditions with a reformed structure. Data points representing both 
structures were plotted together. They show consistency by falling closely about 
common curves. The reproducibility of the data indicates that the curves are 
representative of other similar structures under similar conditions. 
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6. 2 Influence of Relative Crest Height 
The monochromatic damage data is replotted in groups of equal period in 
figures 21 through 23. Grouping the data in this fashion shows the effect of 
changing the relative crest height,:. As the relative crest height decreases, 
higher waves are needed to inflict a given amount of damage to the structure. 
Since H2L is an indication of wave energy, it is seen that wave energy must in-
crease with decreasing relative crest height in order for a given amount of 
damage to occur. This is to be expected as the increasing depth of water 
above the crest of the structure allows more of the wave energy to be trans-
mitted past the the structure. 
The slopes of the damage curves suggested by the data points appear to 
decrease as the relative crest height decreases in each plot. This indicates that 
in deep water, damage occurs more gradually with respect to changes in wave 
(' 
height. Large changes in wave height are required to make small increases in 
structural damage. Structures well below the mean water level are protected 
and tend to be the most stable. Structures with crests near the mean \\·ater 
level are not well protected and tend to be sensitive to small changes in wave 
height. 
6.3 Influence of Wave Period 1 
In figures 24 through 27, the monochromatic damage data is replotted in 
groups of equal relative crest height. As the only difference between the tests 
of the same plot is wave period, it can be seen that the period does have an 
influence on the stability as anticipated. Given. two waves of equal height, the 
longer period wave inflicts the most damage. This evidence supports the asser-
tion that stability is a function of wave period or wavelPngth in addition to 
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wave height. 
The slopes of the damage curves suggested by the points seem to become 
steeper as the p,!riod increases. This suggests that a small increase in height of 
a long period wave increases the destruction more than the same increase in 
height of a shorter length wave . 
• 6.3.1 N as a Stability Parameter 
s 
Figures 28 through 32 show the damage data plotted in groups of equal 
relative crest height with the independent parameter being N *. The points s 
representing tests of different wave periods and stmilar crest heights appear to 
converge toward single curves. • Therefore, N8 appears to account for the wave 
period in a meaningful way, acting as a useful independent parameter for deter-
mining damage for a particular relative crest height. 
6.4 Con1parison Between Monochromatic and Irregular Wave 
Stability Tests 
All of the damage plots represent condition~ where the waves have begun 
to distort from the deepw ater symmetry. It can be seen in figures 7, 11, 13, 
and 15 that representation of the irregular wave height with the significant and 
zero-moment wave heights leads to different damage curves. The significant 
wave height plots consistently fall to the left of the zero-moment wave height 
plots. Therefore, the irregular damage plots corroborate Vincent's 
( 15] statement that the significant v.1ave height deviates from the zero-moment 
\\'ave height as a ,vave begins to shoal. 
In order to derive meaningful information from the monochromatic results, 
it is necessary to develop a correlation between monochromatic and irregular 
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damage plots. Simple monochromatic tests could then be used to p~edict 
damage from irregular wave conditions. The damage plots in figures 7, 11, 13, 
and 15 show that when the significant or zero-moment wave heights are used to 
characterize irregular wave conditions of a given peak period, monochromatic 
tests of a corresponding period show less damage for the corresponding wave 
height. Therefore, if the monochromatic tests were used to predict the results 
for irregular wave conditions, the damage would be underestimated. 
A closer relationship between monochromatic and irregular damage curves 
may be developed if H 10 is used to represent the irregular wave height. Figures 
33 through 36 show how the correlations can be improved and that damage 
curves from monochromatic tests may potentially be used to simulate irregular 
damage curves if the method of representing the irregular wave height is 
modified. 
Table 4 shows shows the ratio H10/H 8 for each of the irregular wave tests. 
The value varies from the theoretical Rayleigh distributionthreeue of 1.28 by 
+ /- 14 percent. This is probably due to the small number of waves in a 
record. Consequently, H10 is an average of only two to four values and may 
not be very representative of is point and must be investigated with larger wave 
records. 
6.5 Failure Modes 
Although the failure mechanism varied bct\veen different sets of conditions, 
damage always seemed to begin at the sarne general region on the structure, 
that is the crest and the upper half of the seaward face. Wave action loosened 
stones from these locations and deposited them on the front and/or back faces, 
depending upon the vvave period and relative crest height. 
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At high relative crest heights, damage occurred to the structure when the 
waves broke on the structure as shown in figure 37, when the waves broke just 
after the structure as shown in figure 38, or when backwash from the incoming 
waves was strong as shown in figure 39. Damage occurred in the first case on 
the crest as a consequence of the turbulence generated by the breaker and on 
the upper front face as the orbital velocities under the wave were high enough 
to dislodge stones. The eroded stones tended to deposit on the front (seaward) 
face. Damage occurred in the second case as the structure triggered the wave 
to break. The impact of the water particle orbital velocities primarily damaged 
the upper front face and caused accretion in the front of the structure. 
Damage occurred in the third case when the water piled up behind the struc-
t ure and released. all at once. A stream of water flowed seaward at high 
. 
velocities over the structure as though it were flowing over a dam. The waves 
broke farther seaward because of the velocity and because the water level was 
lower at that instant. The flow picked stones from the crest and deposited 
them on the front face of the structure. 
At lower relative crest heights, damage was induced by waves that broke 
after passing the structure {Fig. 40), sometimes well after. The wave action 
eroded stones from the front face and the crest and deposited most of them on 
the landward side of the structure, although some rolled down the front face. 
f.,igures 19 and 20 show how the final maximum-damage profiles were 
determined by the water depth and \\rave period for the monochromatic tests 
• 
and the irregular tests. rfhe modes of damage appear independent of the wave 
period, whereas the relative crest height appears to dictate damage modes for 
both monochromatic and irregular wave conditions. Structures with relative 
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crest heights less than 0.6 or 0. 7 tend to experience primary accretion on the 
back face. Structures with higher relative crest heights tend to display primary 
accretion on the front face. 
The survey method did not take the lateral movement of stones into ac-
count. This is apparent from inspection of the survey results. Theoretically, 
the erosion cross-sectional area should be equal to the accretion cross-sectional 
areas on the structure. However, it was not unco-mmon for a stone on the sur-
vey line at the crest to roll down the face of the structure and finally come to 
rest at a point off of the survey line. When more stones rolled off of the line 
th.an onto the line, the results showed erosion cross-sectional areas much larger 
than the sum of the accretion cross-sectional areas. 
6.6 Design Curves 
It has been shown that stability for a structure of a certain geometry can 
* be defined by N for various relative crest heights. 
s 
Ther~f ore, a general 
method of defining stability for that structure is possible by considering damage 
as a function of both N * and the relative crest height. Design curves may be 
s 
formed by plotting lines of constant damage on axes of the two independent 
parameters. 
6.6.1 Zero Damage Values 
As wave heights increased during testing, the energy of the waves in-
creased. At some point the wave energy became great enough to begin to 
damage 1 the structure. The maximum wave height which can be achieved for 
specific relative depth and period conditions without damaging the structure is 
called the zero damage wave height. 
28 
... 
6.6.1.1 Difficulty of Defining Zero Damage 
The nature of the rubble-mound structure brings about difficulty in defin .. 
ing "zero damage" conditions. Because the surface of the structure consists of a 
loose hodge-podge of stones, wave attack can easily dislodge a surface stone 
without significantly altering the character of the structure. However, a survey 
may show such changes as "damage". First inclinations at defining zero 
--
damage conditions for a test -run involved the extrapolation of the damage 
curves ( Figs. 7 through 17) back to zero damage to find corresponding wave 
heights for given relative crest heights and wave periods. However, extrapola-
tion is no easy task because of the conditions described. Many of the curves 
appear to be nearly assym.ptotic to the zero damage line. Zero damage con-
* ditions were finally defined through the use of damage versus N plots. s 
6.6.1.2 Method of Defining Zero Damage 
The zero damage or in~ipient damage values of N8 * were estimated for 
each relative crest height by fitting a straight line by eye through the damage 
points lying at 10% damage and below as shown in figures 28 through 32. The 
Jines were extrapolated to N
5 
• values where the damage is equal to zero. The 
values are estimates of threshold values indicating maximum energy levels which 
can be introduced without causing damage, or they can be viewed as minimum 
value estimates which must be exceeded in order to initiate damage. 
By plotting the undamaged relative crest heights as a function of the zero 
damage N * values, a curve was defined which shows the threshold values vvhere 
s 
dan1age begins to occur for various relative depths (Fig." 41 ). The curve shows, 
as expected, that damage occurs from less wave energy at high relative crest 
heights. As the water level increases with respect to the crest, a greater frac-
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tion of ti, w('ve energy passes by the structure and more wave energy is there-
fore required to cause a given amount of damage. 
A transitional point seems to occur near h / d 0.5 where the energy re-
. , 
quired to initiate damage appears to increase sharply. However, since the last 
point of the curve was established with only one test run, the last portion of 
. . 
the curve requires corroboration and should be used with care. 
6.6.1.3 Comparison With Other Data 
Data points from other studies are plotted in Fig. ·42 with the data points 
which were used to define the zero damage curve. From the example damage 
trends given by Ahrens [ 1], the zero damage conditions for two different test 
structures were obtained. The study by Chatham et al [4] provided four points 
which represent structures under stable conditions, but not necessarily at the 
zero damage threshold. The combined p)ot provides a basis of comparison be-
tween the data sets and a rough check for the reasonableness of the zero 
damage curve. . -. 
Ahrens' data do not conform to the trend set by the other zero damage 
data points. They indicate that a higher relative crest height can be stable for 
a given stability number. However, rather than contradicting the zero damage 
curve, the discrepancy probably indicates differences between the tests of Ahrens' 
study and this study. For example, both of Ahrens' data points represent 
structures with relative crest heights greater than 1.00, i.e. the structures are 
not completely submergedi Furthermore, Ahrens quantifies damage by the 
reduction of the crest height. Because this study quantifies damage by the rela-
tive cross-sectional area of erosion, it is conceivable that thresholds of damage 
may appear to be different. Consider waves which just begin to move stones 
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~ structure with a crest well above mean water level. A few stones slide 
' 
down the seaward face of the structure until a point of stabilization is reached. 
-
If damage is defined by the relative cross-sectional area of erosion, then ·cer-
tainly damage has occurred. If damage is defined by crest height, it is possible 
that no damage has occurred in this sense. The crest height toward the 
landward side of the structure may yet remain unchanged. Therefore, in regard 
to Ahren 's data points, the zero damage trend appears reasonable. 
Because the data points of Chatam et al represent structures that are un-
der conditions less than or equal in severity to zero damag~ conditions, the 
' 
points \are/1expected to fall below the curve suggested by the zero damage data 
points of this study. The points fall as expected and affirm the reasonableness 
of the zero damage curve. 
6.6.2 Other Damage Values 
Curves were fitted by eye to the original damage versus wave height plots 
(Figs. 7 through 17). From the curves, values of H were determined for 2, 5, 
and 10% damage and the corresponding N * values were determined. The s 
original relative crest height values \\'ere plotted as a function of the Ns * values 
(Figs. 43, 44, and 45). Quadratic curves were fitted to the three sets of 
damage points and found to inadequately describe the relationships. Con-
sequently, three curves fitted by eye are presented along with the zero damage 
curve in figure 46 to provide a means for design or prediction of damage. 
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6.6.S Example 1, Design 
GIVEN: A submerged, homogeneous rubble-mound structure of a cross-
section geometrically similar to the one shown in Fig. 3 is desired at a loca-
tion,, where storm waves have been known to have H10 values of 4.0 m and 
wavelengths associated with the spectral peak period of 17 m. The specific 
gravity of the rock to be used in construction is 2.68, the desired relative crest 
height of the structure ~ 0.86, the density of the water is 1000 kg/m3 and the_ 
• 
acceleration due to grav.ity is 9.81 m/sec2 • 
FIND: What, approximately, is the minimum median stone weight re-
quired for stability? 
SOLUTION: Fig. 46 shows that as a relative crest height of 0.86, the 
zero damage curve has a N * coordinate value of approximately 6. 7. Using this 8 
. 
value and solving equation (2.4) for w 50 , it can be seen that the required 
median stone weight is 510 kg. 
6.6.4 Example 2, Damage Prediction 
G l\'EN: The structure of section 6.6.3 has been constructed with the 
specified rock and will be subjected to an unusually severe storm where the 
value for H10 is expected to be 5 m and the \\'avelen
gth associated with the 
peak spectral period is expected to be 20 m. 
FIND: How much damage will the structure sustain? 
SOLUTION: Using the new ,vave conditions, the spectral stability num-
ber, N8 * is recalculated and found to have a value
 of 8.2. Figure 46 shows that 
the point with coordinates of Ns * ~8.2, h/d==0.86 falls very nearly on the 5% 
damage curve. Therefore, approximately 5% damage will be sustained by the 
structure. 
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6. 7 Scale Effects 
Values for R
0 
were calculated after Dai and Kamel [6) for the submerged 
rubble-mound structure models according to equation (2.5). H0 =0 was deter-
mined from the ze~o damage N
8
' values shown in figure 41 and (lc)a was con-
sidered to be the diameter of the median weight stone, or 1. 77 cm. The result-
ing values of R are shown in table 5. All of them fall below the critical value 
n 
of 40000. 
The low test values of R indicate that the results may have been in-
n 
fluenced by scale effects. However, two factors give reason to question the ap-
plicability of Dai and Kamel's criterion in the case of submerged rubble-mound 
structures. Dai and Kamel's criterion was established through the testing of 
rubble-mound structures with crest heights above the mean water level, and Rn 
as defined is independent of wave period. As the damag~ to a submerged struc-
ture has been found to depend upon wave energy, H0 = 0 does not seem adequate 
as the only wave characteristic represented. Large scale model tests are sug-
gested to verify the results of this study since the role of scale effects is not 
known. 
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Chapter 7 
,I 
SUMMARY AND CONCLUSIONS 
Model tests (scale 1:30) were performed in the wave flume at Lehigh 
University's lmbt Hydraulics Laboratory to investigate the stability of a sub-
I. 
merged, homogeneous rubble-mound structure. The test structure was con-
structed to the .configuration shown in figure 3. It was made of a homogeneous 
. 
mixture of rose quartzite stone with a median stone weight of 15g. The struc-
ture was exposed to monochromatic waves in some tests and irregular waves in 
other tests. Damage to the structure was found with reference to representative 
wave heights, the (peak) wave period, and the relative crest height. 
The following is a summary of the resultss of the investigation: 
1. A damage curve, \.\i·hich is a plot of damage versus wave height for a 
specific wave period and relative crest height, is reproducible and 
therefore meaningful. 
2. Stability increases as the relative crest height decreases. 
3. The wave period affects stability and is accounted for in the spectral 
stability number, N *. 
s 
4. Monochromatic waves of a given period and height produce a level of 
damage approximately equal to that of irregular waves of an equiv-
alent peak period and equivalent representative wave height if the 
representative wave height is defined as the average of the highest 
ten percent of the wave heights of record. 
5. The relative crest height influences the character of the waves im-
pinging on the structure which in turn affects the mode of failure of 
the structure. A structure with a relative crest height of less than 
0.6 or 0. 7 tends to have prirnary accretion on the backface, whereas 
a structure with a relative crest height of a greater value tends to 
have primary accretion on the frontface. ,, 
6. A chart was developed from the monochromatic wave tests to allow 
the design of and damage prediction for a range of submerged, 
homogeneous rubble-moun<1 structures that are geoltletrically simi]ar 
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to the test structure. The chart consistE of curves of constant 
damage plotted on axes of relative crest height versus the modified 
spectral stability number. 
7. Comparison of the zero damage curve on the design chart with data 
from tests of similar scale by Ahrens [ 1] and Chatam et al l4] shows 
reasonable agreement. 
8. The influence of scale effects is unknown and should be investigated 
with similar model tests of larger scale. 
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Ma•• Range 
(grams) 
1. 6 - 2.4 
2.6 - 3.4 
3.6 - 4.4 
4.6 - 6.4 
6.6 - 6.4 
6.6 - 7.4 
7.6 - 8.4 
8.6 - 9.4 
9.6 - 10.9 
11.0 - 12.9 
13.0 - 14.9 
16.0 - 16.9 
17.0 - 18.9 
19.0 - 21.Q 
22.0 - 26.9 
26.0 - 29.Q 
30.0 - 33.4 
33.6 - 37.4 
37.6 - 42.6 
Total Group Weight 
(Newton•) 
18.0 
16.0 
24.0 
24.0 
28.0 
32.0 
36.0 
32.0 
48.0 
80.6 
64.1 
66.0 
48.0 
72.1 
72.1 
60.0 
40.0 
24.0 
28.0 
800.8 
"" 
Color 
gold 
gold 
green 
green 
silver 
silver 
blue 
blue 
orange 
orange 
green 
brown 
brown 
gold 
gold 
white 
white 
red 
red 
Table 1: Stone \\1 eight Groupings 
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Relative 
Cre•t 
Height 
1.00 
0.76 
0.60 
0.60 
0.43 
1.09 
7.8 
9.1 
9.4 
12.2 
Q.l 
16.6 
16.8 
17.1 
11.3* 
14.6* 
14.6 
Wave Period (•econda) 
1. 84 
4.9 
6.6 
8.1 
16.2 
10.7* 
12.6* 
16.6* 
11.9 
12.6 
16.8 
18.3 
12.8 
16.8 
18.3 
lQ.8 
- -~. . 
2.19 
8.6 
Q.4 
11.3 
14.8 
Q.l 
11.6 
13.6 
11.3 
14.0 
16.2 
Wave heights are shown in centimeters. 
* Wave heights from second, separate test run. 
2.55 
17.4 
18.0 
Table 2: Monochromatic Wave Test Program 
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.. 
Relative 
Crest 
Height 
1.00 
0.76 
0.60 
0.60 
Peak Spectral 
Wave Period 
(seconds) 
1.og 
2. 1g 
1.64 
1.64 
Table 3: 
Wave 
Height 
as 8 8 (cm) 
6.8 
7.6 
6.4 
8.6 
Q.8 
8.6 
14.7 
Wave 
Height 
as B (cm) 
•e 
6.7 
8.3 
6.6 
Q.O 
10.1 
8.7 
17.2 
r 
Irregular Wave Test Program 
39 
Wave 
Height 
as B10 (cm) 
6.7 
10.Q 
6.0 
Q.6 
12.2 
10.0 
18.6 
I,, 
'" .,·, 
Relative 
Crest 
Height 
1.00 
1.00 
0.76 
0.76 
0.60 
0.60 
0.60 
Peak Spectral 
Wave Period 
(seconds) 
1.09 
1.09 
2 .19 
2 .19 
1.64 
1.64 
1.64 
B 
8 
(cm) 
6.8 
7.6 
6.4 
8.6 
• 
9.8 
8.6 
14.7 
8 10 
(cm) 
6.7 
10.9 
6.0 
9.6 
12.2 
10.0 
18.6 
H1ol8 a 
1.16 
1.43 
1.11 
1.10 
1.24 
1.18 
1.26 
For a Rayleigh distribution H10/H5 is 1.28. The listed values vary 
within +/-14%. The average value is 1.21. 
Table 4: H10/H 5 Values for Irregular Wave Tests 
40 
• 
Relative 
Crest 
Height 
1.00 
1. 00 
0.76 
0.76 
0.76 
0.60 
0.60 
0.60 
0.60 
0.60 
0.43 
Wave 
Period 
(seconds) 
1.09 
1.64 
1 .09 
1.64 
2 .19 
1.09 
1.64 
2. lQ 
1.64 
2. lQ 
2.66 
., 
8 D=O 
(cm) 
6.1 
4.8 
10.0 
7.9 
6.8 
12.3 
Q.6 
8.2 
. ~-
12.0 
Q.Q 
17.1 
RB 
13000 
12000 
17000 
16000 
14000 
18000 
16000 
16000 
18000 
17000 
22000 
.i\ll R values are less than the critical value of 40000. 
n 
.. 
Table 5: R Values Calculated from the Monochromatic Wave Tests 
n 
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Al I Pornt·, Monochrometlc 
I I I I 
.o 4.0 a.a 12.0 l 6. 0 
Wave Height (mJ 
(!) 
(!) 
-2 
X10 
20.0 
• 
, 
Figure 18: 
.. 
,.,_ ·- -
I 
' 0.396 m 
i : . I 
I : .. ·,. ·r· 
,- ~- 1---... ·--
• I • • • 
' ' I • • 
. l . . l . 
- -:-1-·--r-~ . 
0.427 
. 'I ' 
m 
. ; .. ,_ ________ .,. 
.. 
__ ._.....,. ____ - -· --- - -----
··-· --
' 
I : • : I '. : • • '. r-: ·,·:-::·::-- ,,----~--- ~-- -i ··--,-:--~--
. . . . . . . I : . • • 
0.518 
I :__j __ .J ~~-:_..; .._ ~---··; . - ,,___-.f_ ~J 
, .. I 1 . . , · 
'·1· 10 ! . I 0.488 
1···· ~. -··-i. ·:--- --··--·- m 
I : 
' . ; . i . . . : 
'~--, .... ·--···- ··-··-·· - .. -· I . . I I . I : I : I: . ! : I I 
! 
. ''. I I • ; • ' 
-.-: :--1-:-:---t--·:-- -··· --·· -,·- :-,- - -~--: 
. . : I. ' . . . . . I ; . : : 
.. i ' I.'. I ' I 
: ~; ~I·:- ·, : ~ .. -i 7" ·-:--:· ,· . . . . . . . ., ·-.. . - - 1 
.• I I • I.'. • I • 
, r 1 , , , ., I , 
~:__ .~: :.J ...... _j ____ ]. •..•. 
.i . : ; . : . : ; : : . · 1' : : I .. 
'. : . . ~ . : : : I ; ' . . : : I 
. -· - ...... - ·-- -- •. L •• -· 
0.457 m 
m 
Example of Wave Recorder Calibration 
60 
... 
.. ,, 
~ 
V, 
-0 2 . '1 -
C 
0 
u 
" 
"' '--' 
C1"J l . 6 -..... 
• 
-0 
0 
-
L 
" a... 
" .8 -> 
to 
~ 
.o 
.o 
t. 
Figure 19: ., Monochromatic \\'ave Test Damage Modes 
"' 
8 
8 u F 
B B N 
u F 
MeJor Area5 0 f Accretion' 
B - Back face 
F - Front face 
N - No Face Favored 
u - Unclear From Data 
l l I I 
. 2 . 6 .8 
Relative Crest Height, h/d 
F 
N 
I 
' . 0 1 • 2 
Figure 20: Irregular Wave Test Damage Modes 
. 
3,2 
~ 
"' 
" 
2.4 -
C 
0 N 0 
" V, 
'-' 
8 F ~ 1 . 6 -~ .. 
""O 
0 
-
Accretion' 
~ L Ma Jo r Area~ 0 f F " Q._ 8 - Beckface 
" F - Front face ,8 -> 
'° N - No Face Favored 3 
.o I I I I I 
.o .2 . 4 • 6 .a 1 • 0 1 • 2 
Relative Crest Height, h/d 
20.0 
l 6. 0 -
" O') 
(0 l 2. 0 -E 
to 
O') 0 
~ 
--t.J 
C 
" ll 8. 0 -
L 
" a_ 
4. 0 -
.o 
.o 
Figure 21: Comparison of f)a1nage Plots for Wave Period= 1.09s 
~ h/d=l. 00 
+ h/d-=0.75 
* h/d=Q.60 
, 
+ 
+ 
+ + 
I 
12.0 
I 
1 6 I a 
l 
~.o 
I 
a.a 
W a v e · H e i g h -~ ( m ) 
' 
,/ 
+ 
+ 
-2 
X10 
20.0 
Figure 22: Comparison of Damage Plots for Wave Period-= 1.64s 
20.0 
• 
l 6 . 0 - ~ h/d;:l .oo 
+ h/d~0.75 • 
* 
h/d~0.60 
4) (9 h/d~0 . .50 
rn 
ro l 2. 0 -E 
ro 
0 
~ 
~ ....., 
• C -t+ 
4) 
0 8. 0 -
L 
4) 
CL 
+ 
4. 0 -
* (!) 
+ • 
-
-2 
.o X10 I I I I 
.o 4.0 8,0 12.0 16.0 20.0 
Wave Height (m) 
20.0 
l 6. 0 -
C) 
en 
to 
E 1 2. 0 -
to 
~ 0 
i:;, 
..+J 
C 
4) 
l.) 8. 0 -
L 
4) 
Cl.. 
4. 0 -
\ 
.Q 
.o 
'h' 
Figure 23: Comparison of Damage Plots for Wave Period-=2.I9s 
I 
+ h/d=0.75 
* h/d=0.60 
(!) h/d=0.50 
4.0 
+ 
+ 
)IE 
+ (!) 
I I 
a.a 12.0 
Wave Height (m) 
+ 
I 
16.0 
' 
-2 
X10 
20.0 
20.0 
l 6. 0 -
4) 
en 
m l 2. 0 -e 
ro 
~ a 
c,':) 
-+' 
C 
V 
0 8 IO -
'-
4,) 
a.... 
-4 I 0 -
.o 
.a 
" 
( 
Figure 24: Comparison of Damage Plots for Relative Crest Height:= 1.00 
X 
(!) 
X 
X T=l .09 seconds 
X C!) T::il .64 seconds 
(!) 
X 
J I I I 
4.0 a.a 12.0 16.Q 
Wa v e He i g h t (m) 
-2 
;( 1 0 
20'. 0 
20.0 
l 6. 0 -
" O') 
ro 1 2. 0 -E 
\0 
~ 0 
-l 
--t,J 
C 
4) 
0 8. 0 -
L 
4) 
CL 
~. Q -
.o 
.Q 
,. 
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Figure 27: Comparison of Darnage Plots for Relative Crest Height=-:0.50 
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Figure 30: Zero Damage Extrapolation for Relative Crest 11eight=--=0.60 
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Figure 31: Zero Damage Extrapolation for Relative Crest IIeight=0.50 
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Figure 32: Zero Damage for Relative Crest 11eight _:Q.43 
~ T=2.55 seconds 
I 
~ 
' 
12.0 1 4. 0 16.0 18.0 20.0 
Mo d I f I e d St a b I I I t y Numb e r 
20.0 
16.0 
" O") 
to 
,2.0 E 
m 
0 
..,tJ 
-l C 
"""' 
" l) s.o 
L 
" CL 
~.o 
.a 
Figure 33: H10 and Monochro1natic Damage Plots for T=l.09s, h/d-=1.00 . 
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Figure 34: }1 10 and Monochro1natic Damage Plots for T=2.19s, h/d==0.7[, 
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H 10 and Iv1onochromatic Damage Plots for T~ 1.64s, h/ d--=0.60 
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Figure 37: Wave Breaking on Structure with h/ d > 0. 7 
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Figure 38: Wave Breaking after Structure with h/d > 0.7 
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Figure 39: Backwash over Structure with h/ d > 0. 7 
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Fjgure 40: Wave Breaking after Structure with h/d < 0.6 
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' Figure 41: Design Curve Fit for 0% Damage 
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Figure 42: Co1nparison of 0% [)a1nage ))at.a with Other Data 
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Figure 43: l)esign Curve Fit for 2% Darnage 
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Figure 44: Design Curve Fit for 5% Damage 
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Figure 45: Design Curve Fit for 10% Damage 
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Figure 46: Design Curves for Use 
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Appendix A 
STATION LOCATIONS AND BOTTOM 
ELEVATIONS 
Station 
0 
1 
2 
3 
4 
6 
6 
7 
8 
g 
10 
11 
12 
13 
14 
16 
16 
17 
18 
lQ 
20 
Distance Landward 
of Station O (cm) 
0.0 
3.0 
6.1 
Q.1 
12.2 
16.2 
18.3 
21.3 
24.4 
27.4 
30.6 
33.6 
36.6 
37.3 
3Q.6 
41.1 
42.7 
46.0 
46.7 
48.8 
61.8 
91 
" . ../ 
Bottom Elevation 
Readings (cm) 
33.0 
33.1 
33.3 
33.4 
33.6 
33.8 
33.Q 
34.1 
34.2 
34.4 
34.6 
34.7 
34.9 
34.Q 
36.0 
36.1 
36.2 
36.3 
36.4 
36.6 
36.7 
Station 
21 
22 
23 
24 
26 
26 
27 
28 
29 
Diutence Landward 
of Station O (cm) 
64.9 
67.9 
61.0 
64.0 
66.7 
67.1 
70.1 
73.2 
76.2 
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Bottom Elevation 
Readings (cm) 
36.8 
36.0 
36.2 
36.3 
36.4 
36.6 
36.6 
36.8 
37.0 
Appendix B 
ELEV A TION READINGS 
SURVEY DATA FOR ~ONOCHRO~ATIC WAVE TE.ST 
H/0 = 1. 
T = 1.09 SECONDS 
U~DA~AGEO CONDITION 
ELEVATION READINGS INC~ 
PROFILES 
STATIONS A 9 C 
0 33.0 33.0 33.0 
1 33.1 33.1 3 3 .1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 ~3 . ..J • ~ 33.6 
5 36.4 35.3 36.9 
6 33.3 38.0 38.8 
7 41 • 3 40.) 40.2 
g 41. 5 44.0 41.9 
9 41 • 2 44., 44.0 
10 47.3 46.0 45.4 
1 1 49.1 47.6 4 7 .. 1 
1 2 43.2 so.a 47.9 
1 3 48.3 50.3 4 8. 5 
14 48.4 48.0 49.5 
1 5 43.3 49.J 49.0 
16 48.a 43.3 48.6 
17 47.6 49. ~ 49.0 
18 46.S 4 ·~. 6 47.9 
19 47.1 46.9 4?.5 
20 45.7 45.S 45.8 
21 43.3 42.2 4 4.1 
22 42.6 42.6 43.5 
23 38.3 39.5 39.7 
24 36.S 37.2 3 7. 2 
25 36.4 36.4 36.4 
26 36.5 36.S 36.S 
27 36.6 36.6 3 6. 6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
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D 
33.0 
33., 
33.3 
33.4 
33.6 
37.2 
37.0 
33.8 
41 • 8 
42.9 
45.1 
47.7 
4 3. 6 
43.3 
49.7 
49.6 
4 3. S 
4 3 .1 
48.9 
47.3 
46.0 
44.2 
42.4 
40.0 
37.7 
36.4 
36.5 
36.6 
36.8 
37.0 
I • 
I' 
\ 
SURVEY DATA FOR MONOCHROMATIC WAVE T=ST 
"'1/D = 1. 
T = 1.09 SECONDS 
JAVE HEIGHT= 7.77202 CM 
ELEVATION REAOI~GS IN CM 
P~OF!LES 
STATIONS A 3 C 
a 33.0 33.a 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 3 "3 • 4 33.4 33.4 
4 33.6 33.6 33.6 
5 37.7 3 5. 6 35.6 
6 3 9. 5 37.4 36.9 
7 41 • 1 40.0 41.9 
8 41.4 43.6 42.2 
9 t.1 • 0 43.0 4 4 .1 
10 t. 6 .1 46.6 45.2 
1 1 48.3 46.7 46.0 
1 2 47.7 49.1 47.3 
1 3 43.3 47.1 47.4 
14 47.; 48.4 4B.9 
. - 48.6 49.2 47.8 
'' 16 48.6 48.7 48.7 
17 47.3 50.1 49.4 
18 46.7 49.? 4 9 •· 6 
19 47.0 46.4 45.8 
20 45.7 45.8 46.2 
21 42.9 43.2 44.7 
22 42.7 42.5 43.9 
23 39.5 38.9 40.3 
24 36.3 37.7 3 7 .1 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
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D 
33.0 
33.1 
33.3 
33.4 
33.6 
37.2 
37.2 
38.3 
40.4 
43.1 
45.4 
47.6 
47.7 
46.8 
49.6 
49.5 
43.5 
4 7 .1 
43.7 
47.2 
45.2 
44.7 
42.4 
3 Q .1 
38.0 
36.4 
36.5 
36.6 
36.8 
37.0 
'I 
SURVEY DATA FOR MONOCHRO~ATIC WAVE TEST 
~,o = 1. 
T = 1.09 SECONDS 
wAVE HEIGHT= 9.14355 CM 
ELEVATION READINGS IN CM 
P~OFILES 
STATIONS A B C 
0 3 3. 0 33.0 33.0 
1 3 3 .1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 35.2 34.5 35.5 
5 3 6, 3 35.6 35.1 
6 3 8. 2 37.8 38.9 
7 3 .~. 9 42.1 41.3 
8 41.6 43.g 41.7 
9 44.2 46.3 43.4 
10 4 5. 7 46.S 45.7 
1 1 46.6 48.6 45.9 
1 2 4 7. 5 · 47.1 45.9 
13 4 8 .1 48.9 46.8 
14 4 9. 2 48.S 48.3 
1 5 4 8. S 49.2 47.7 
16 4 8. 6 48.2 48.6 
17 4 7. 7 49., 49.3 
18 4 7. 0 49.5 48.4 
19 4 7. 3 47.1 45.8 
20 45.7 45.2 46.1 
21 43.2 43.3 44.5 
22 42.9 42.6 43.7 
23 40.0 38.9 40.5 
24 3 6. 8 37.5 37.2 
25 3 6. 4 36.4 36.4 
26 36.5 36.5 36.5 
27 3 6. 6 36.6 36.6 
28 3 6. 8 36.3 3 6. &· 
29 37.0 37.0 37.0 
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• 
0 
33.0 
3 3 .1 
33.3 
33.4 
33.6 
37.0 
37.2 
3 '3. 2 
40.0 
4 3 .1 
46.4 
47.6 
45.9 
46.2 
49.3 
4;.s 
4.3. 3 
47.2 
48.6 
47.2 
44.9 
44.7 
4 2. 4 
39.3 
37.9 
36.4 
36.5 
36.6 
36.8 
37.0 
SURVEY DATA FOR MONOCHRO~ATIC WAVE TEST 
HID= 1. 
T = 1.09 SECONDS 
wAVE HEIGHT= 9.44833 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 9 C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 3 5 mi 2 34.6 35.4 
5 36~4 35.6 34.4 
6 3B.O 37.6 38.9 
7 39.1 42.3 41.3 
8 42.9 43.6 40.7 
9 L. 2. 9 42.9 43.1 
10 43.7 46.7 44.5 
1 1 45.3 48.3 47.2 
1 2 4 7. 6 · 47.2 47.2 
13 48.0 47.1 46.5 
14 49.0 48.7 48.3 
1 5 48.5 4·9. 0 47.8 
16 4a.6 48.6 48.9 
17 47.7 50.0 48.9 
18 47.0 49.3 49.2 
19 47.2 48.0 45.7 
20 45.6 46.4 46.1 
21 43.7 41.9 45.1 
22 43.1 42.7 43.6 
23 40.2 33.6 40.8 
24 36.6 37.4 37.3 
25 36.4 36.4 36.4 
26 36.S 36.5 36.5 
27 36.6 36.6 36.6 
28 36 • .3 36.8 36.8 
29 37.0 37.0 37.0 
.. 
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0 
33.0 
3 3 .1 
34.9 
33.4 
33.6 
3 7 .1 
37.1 
39.7 
40.5 
4 3 .1 
46.7 
47.2 
45.9 
46.6 
49.3 
49.5 
4~.s 
4 7 .1 
49.7 
47.3 
45.3 
44.7 
42.3 
39.6 
37.9 
36.4 
36.5 
36.6 
36.8 
37.0 
• 
I 
'l 
I 
.. 
SURVEY DATA FOR MONOCHROMATIC WAVE TJ;ST · 
H/0 = 1. • 
T:: 1.09 SECONDS 
,AVE HEIGHT= 12.1914 CM 
ELEVATION READINGS IN CM 
PROFILES 
·STATIONS 8 C 
0 33.0 33.0 33.0 
1 34.0 33.1 33.1 
.2:· 34.6 33.3 33.3 
]. 36.7 37.0 35.9 
4. 37.9 37.9 36.3 
.5 38.9 38.8 36.9 
-6 39.5 40.2 3 Q. s· 
7 40.9 41.7 41.7 
::8 41. 8 42.2 42.1 
'9 42.4 44.1 43.1 
10· 43.0 43.4 44.8 
'1 '1 43.9 45.3 45.4 
. ', 1 ·2 45.0 45.4 45.0 
13 44.2 45.6 45.6 
1:4 45.5 46.2 46.4 
1: ·s 45.5 45.3 47.5 
16. 46u2 46.7 48.6 
·17· 45.7 48.4 47.6 
·1·:s~ 45.7 48.6 47.1 
·19: ,. 46 .1 46.~ 47.1 
_2:,0: 45.4 46.5 46.2 
.. 
2,1 .4 3. 4 43.5 44.6 
2:2 .. : 43.3 42.6 43.5 
,2:~. 39.5 39.7 40.5 
·24 37.3 37.3 3 7 .1 
-2:-s· 37.4 36.4 36.4 
2~: 36.S 36.S 36.5 
·27 36.6 36.6 36.6 
28' 36.8 36.8 36.8 
2·9 .37.0: 37.0 37.0 
.o. 
33.0 
33.1 
33.3 
33.7 
34.3 
3 7 •. o 
.3:Q. 3 
·3.9'.·6 
41.2 
43.2 
43.7 
44.4 
4 6 .1 
46.2 
47.2 
46.4 
47.Q 
47.6 
48.3 
4 7 .1 
45.6 
44.6 
42.2 
39.3 
38.0 
36.4 
36.5 
36.6 
3 6 • 8 
37.0 
SUQVEY DATA FOR MONOCHROMATIC WAVE TEST 
H/0 = 1. 
T = 1 • 6 4- S E C O N D S 
UNDA~AGED CONDITION 
I 
.. 
EL E VA T I ON Q E A O I N G 'S .I .N ·c .M= 
St .A: T·I ON S 
0 
1 
2 
3. 
:4 
·5 
6· 
7 
:_s 
"9 
·1·:0·= 
·1,·1· 
... 
l2 
1· 3 
1:i •. 
1 5 
16 
17 
18 
, 9 
20 
21 
22 
23 
:24 
:25 
.26 ·.· . 
:27; 
2·8: 
-29 
A-
33. 0 
33.1 
33.3 
33.4 
33.6 
36.3 
38.9 
39.1 
42.2 
42.4 
45.4 
46.2 
48.3 
48.5 
49.7 
50.2 
49.7 
47.4 
48.2 
46.8 
44.9 
44.1 
43.1 
42.0 
38.3 
~6.4 
36.S 
36.6 
36.8 
37.0 
9.9 
... 
PtR.CJF ILES 
··3 C 
3·3_.·o 
33.1 
33.3 
33.4 
33.6 
37.7 
3. 7 .•. 9. 
41.2 
41 • 2 
44.2 
45 .. 1 
·-48. 1 
49.3 
49.6 
49.5 
49.4 
47.9 
43.3 
48.5 
45.4 
46.4 
43.8 
42.8 
39.S 
37.2 
36.4 
36.S 
36.6 
36.8 
37.0 
33.0 
3 3 .1 
33.3 
33.4 
3!.6 
34.9 
38.3 
3 9. 7. 
42.2 
42.2 
4 3. 7 
49.0 
4 ,3. 7 
47.9 
48.S 
49.S 
49.4 
49.7 
49.3 
47.3 
4 6 .1 
4 3. 2 
41.8 
39.7 
37.7 
36.4 
36.5 
36.6 
36.8 
37.0 
0 
33.0 
3 3. 1 
33.3 
33.4 
33.6 
36.0 
33.4 
39.6 
41.0 
43.2 
43.S 
45.9 
47.3 
47.7 
47.S 
47.5 
48.6 
48.6 
47.3 
4 7 .1 
44.S 
43.4 
39.2 
39.7 
37.9 
36.4 
36.5 
36.6 
36.8 
3:7 .o 
.~. 
.f.: 
... · 
SURVEY DATA FOR MONOCHRO~ATIC WAVE TEST 
/ ) 
:.t1.·/ D = 1 • 
. . 
T = 1.64 SECONDS 
WAVE HEIGHT= 4.37656 CM 
ELEVATION ~EADINGS IN CM 
.... , 
• f . 
P R'Cl.F l'.l '.t :s 
. . 
s; :r A· T ,I ~.N·s: B_ C 
\ 
0 . 33.0 3 3 • J 33.0 
·1 33.1 33.1 33.1 
:2 33.3 33.3 33.3 
·3·· 33.4 33.4 33.4 
·4 33.6 . 33.6 3 '3. 6 .. ,' .·, 
5 37.2 37.5 36.3 
~. 37.9 38.7 38.2 
·7· .. 33.2 41. 0 42.3 
8· 43.1 42.5 43.5 
.9: 42.5 43.3 44.1 
'l:0- 45.2 44.S 43.7 
1t 4 7 .1 47.9 45.7 
l2 ... 
. •. ,. 
4 S·. 3 49 .1 47.0 
1·3 46.7 49.0 47.3 
·1:4: 43.4 49.3 47.7 
t.5 46.9 49.3 47.S 
:1.6 49.6 4 9 .1 47.9 
17 47.8 47.5 4~.4 
1 :8. 47.7 46.5 49.5 
1·9 46.7 47.4 47.2 
·20. 44.6 47.2 46.4 
:2-1 44.0 42.9 43.5 
2-'.~ 42.5 4 3 .1 41.8 
·z3 41. 5 40.Q 39.6 
·.24 39.0 37.2 3 7 .1 
·2·:5 36.4 36.4 36.4 
·2·6 36.5 36.5 36.5 
.2.7 36.6 36.6 36.6 
.:2:'8 36.3 36.8 36.8 
'2:9. 37.0 37.0 37.0 
.... 
1.·00 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.8 
33.4 
39.9 
40.8 
43.2 
4 3 •. s 
44.4 
47.2 
4 7 .1 
47.3 
47.7 
4 .3. 4 
45.8 
48.1 
4 7 .1 
44.4 
43.3 
38.8 
39.7 
38.0 
36.4 
36.5 
"3 6. 6 
36.8 
37.0 
. ·>-:. 
:,:, 
..; 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H l-D = 1. 
T = 1.64 SECONDS 
-~ve HEIGHT= 5.48613 CM 
ELEVATION READINGS IN .CM. 
p· R- 0 :F 'I· L E :5.-
. . . . . . 
'S'TATlONS A 8 C 
0 33.0 33.0 33.0 
1' 3 3 .1 33.1 3 3 .1 
2 .• -· 33.3 33.3 3 3. 3 
.. 3 33.4 33. 4 33.4 
·.·. 
4 33.6 3 3 .•. ·6. 3 s. a: 
5 36.2 '3.6.6 ::3:··1. 4 
'6 ... 38.3 3:'8 .• 4. 3:9. 0 
:1 . . 4 '()· •• 5 41 • 7 4·1.1 
3: 41 • 7 41'. 7 ·4 .. 2 • 2 .. 
·9-. . 43.7 44 .• l 43.7 
1·0 ·: _:-: ··:. '. 43.4 44.5 45.J 
1: 1' 46.7 47. 2 46.7 
1 ·a:: 47.8 48.0 4 5. 6 
13' 48.0 48.6 47.0 
. ,: :I~, 49.2 49. 2 47.7 
1 s· 49.8 49.3 4 7 .1 
1:6· 49.2 49.0 4 7. 8 
·1:7· 46.9 47. 5 49.0 
1i8· 4 7 '" 6 46.4 4. 9 •• 6 
·19 46.5 47. 3 4:7. 0 
2:0. 44 .. 1 46.9 4: 6. '!) 
21 4 4 ,, 1 42.9 4·3 .s· 
2; .. 2:· 42.6 42.9 41. 7 
z:·3. 41 • 2 39. 8 41 • 1 
2'·4 38.3 36.9 36.3 
25 .. __ ... [ 36.4 36.4 3 6. 4 
2:·6 36.S 36.5 3 6. 5 
:21 36.6 36.6 3 6. 6 
2':8: 36.8 36.8 36. 8 
2:9 37.0 37.0 37.0 
.101-
.,· 
t 
.. 
33.0 
3 3: .• ·1 
3 3 · -i 
.. · ........
'35.-6: 
3:5 .2 
35.6 
39.2 
39. 7 
41 • 1 
43. 8 
43.8 
44. 6 
46.9 
47. 3 
46.4 
47.9 
48.4 
48. 2 
43. 2 
47.4 
44.2 
43.1 
3S.8 
39 • 7 
38.0 
36.4 
36.S 
36.6 
36. 8 
37.0 
-~· 
.... 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H/D = 1. 
T = 1.64 SECONDS 
WAVE HEIGHT= 6.0957 CM 
ELEVATION READINGS IN CM 
;p·R O ·FI :L::E·'s 
STATIONS 8 :c 
.. 
0 .33. 0 33.0 3·3.~:0 
1. 33.1 3 3 .1 33 .-1 
2 34.3 33.3 33.3 
.3 33.6 33.4 33.4 
·4 36.7 36.6 35.4 
5 3g.s 3 5. Ai 36.S 
.. 6· 39.6 "3 9 • 5 40.4 
7· 42.6 40.6 42.6 
::e 42.4 41.6 43.0 
·-9· 43.2 44.1 43.2 
·1·i0 42.7 45.4 43.S 
-1·1 44.4 44.5 45.9 
'·1 :2 45.3 46.5 46.8 
1.3 46.1 46.S 46.2 
'·14 46.8 45.8 46.6 
1 5: 46.9 47.7 46.4 
1. 6 47.2 47.8 46.5 
17 47.6 46.3 43.5 
1-8 47.4 47.2 46.8 :.·.:. 
1·9: 46.8 46.2 46.9 
:2·:o 46.0 46.7 45.8 
,2·1 43.9 42.9 42.4 
2·2 44.0 42.5 41.2 
.23: 4 0 .1 39.1 41 .1 
:24 37.5 39.7 36.6 
:25 36.4 )9.4 36.4 
:2'6 36.5 36.5 36.5 
.. 
36.6 2·_7· 36.6 36.6 
·2:s. 36.8 36 • .S 36.9 
·2:.9 37.0 37.0 37.0 
.Q 
33.0 
33.1 
35.7 
35.4 
35.6 
36.2 
40.0 
39.8 
41.0 
44.1 
43.7 
44.7 
45.0 
45.0 
46.2 
46.3 
48.0 
46.3 
46.5 
47.9 
44.0 
43.1 
39.6 
39.7 
37.9 
36.4 
36.5 
36.6 
36.8 
37 .O: 
... 
r· 
• I 
,. 
}· 
suqvEY DATA FOR MONOCHROMATIC WAVE TEST· 
:H./,0 = • 7 5 
T· = 1 • 0 9 SEC ONO S 
UNDAMAGED CONDITION 
• 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 9 C . . ' 
0 33.J 33.0 33.0 
1 33.3 3:3 .• 2 3 3. rJ 
.2 33.4 3 3. .• 4. 33.2 
·3 33.6 3 3,.·6' 33.3 
4 33.7 .3 3 .• 7 33.5 
·5 36.5 35 ••. 3 35.1 
6-- 36.7 37.5 37.3 
·7· 39.5 38.4 37. ·7 
g: 41.8 40.3 43.0 
-9: 41 -~ 5 43.1 43.4 
1· .. a. 
. · .. 45.0 45.0 44.B 
1' 1 45.9 46.4 45.4 
1 2: 48.3 48.4 47.8 
1··3 48.1 48.2 so.a 
14 50.1 50.4 48.7 
1 5 49.0 49.5 50.8 
16 51.4 4·9. a 50.8 
17 49.3 50.2 49.7 
18 48.8 43.5 49.2 
19 46.9 4 6 .1 46.3 
20 45.1 44.1 4 5. 7 
.21: .4 2. 0 42.2 42.4 
2 ., 
.. ·1 •. · 40.3 40.7 40.3 
.. 3·8. 7 23. 3~. 5 40 .1 
2·4 :· . ;:· .. 37.2 37.8 37.S 
. . 
2-s 36.4 36.4 36.4 
26 36.5 36.5 36.4 
27 36.6 36.6 36.6 
28 36.8 36.8 36.S 
29 37.0 37.Q ·3 7.Q: 
·, 
0 
3\3. .• 0 
33.:t 
3:.3 .• 2, 
3<3. 3 
3 3. 6· 
~-6 4 
.., .. 
36 .·1· 
3.3·. 5 
39.9 
43.6 
45.3 
45.9 
49.6 
50.1 
49.Q 
50.1 
S 1 • 1 
50.7 
50.7 
46.6 
45.6 
44.0 
41.8 
39.9 
38.0 
36.5 
36.6 
36.7 
36.8 
37.0 
··, 
SU~VEY DAT~ FOR MONOCHROMATIC ~AVE TEST 
H/0 = .75 
T = 1.09 SECONDS 
WAVE HEIGHT= 9.14355 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 8 C 
0 33.0 33.0 33.0 
1 3 3 .1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 , 33.6 35.1 33.6 
5 36.J 35.2 34.~ 
6 36.3 37.6 37.2 
7 39.6 38.3 38.0 
8 41.6 40.3 42.1 
9 41.4 43.4 42.9 
10 46.8 44.8 46.4 
1 1 45.7 46.4 46.9 
, 2 47.5 48.5 49.0 
1 3 48.9 48.3 49.4 
14 48.3 49.2 48.3 
15 I 49.5 48.9 47.0 
16 50.5 4':J. 7 47.8 
17 50.4 49.3 4S.3 
18 48.7 50.1 49.2 
19 46.8 45.9 46.8 
20 4 5 .1 44.7 45.0 
21 43.2 43.7 45.4 
22 40.4 40.7 40.2 
23 39.0 40.2 40.0 
24 37.2 33.1 3 8 .1 
25 36.4 36.4 36.4 
26 36.S 36.5 36.5 
27 36.6 36.6 3·6. 6 
28 36.8 36.8 36.9 
29 37.0 37.0 37.0 
... 
104 
. 
. 
D 
33.0 
33.1 
33.3 
33.4 
34.7 
3 '5. 4 
3 7 .1 
38.6 
40.0 
43.7 
45.J 
47.8 
48.0 
4~.4 
49.8 
418. 9 
49.3 
47.9 
47.6 
46.8 
46.1 
44.2 
42.0 
39.6 
37.Q 
36.6 
36.S 
36.6 
36.8 
37.0 
-..;,. 
SUQVEY ~ATA FOR MONOCHROMATIC WAVE TEST 
~,o = .75 
T = 1.09 SECO~DS 
WAVE HEIGHT= 15.544 CM 
ELEVATION ~EADINGS IN CM 
PR O:_r ::l-L-E .$ 
·St· ·A ·T ·l .O·:N.S -A a C 
.. 
0 3.3.. ·o 33.0 ·3 3:. o· 
·1 13. 1 33.1 33.1 
2· 33.3 33.3 33.3 
3· 3··3 .4 33.4 ~ 3 I .; ... 
4 33.6 35.2 33.6 
5. 3 '>. 0 34.8 34.7 
6. 3~.5 37.5 37.6 
7 39.5 40.3 37.3 
8 41 • 5 41 • 1 42.4 
·9 43.6 43.2 42.4 
1-0 44.9 44.9 46.5 
1:1 45.9 46.3 47.6 
., 2 4· 13. 2 48.4 4 9. 0 
13 49.2 43.2 4Q.S 
14 4 .3. 0 49~2 47.5 
1 5 49.~ 48.8 48.0 
16 49.6 49.7 47.6 
1. 7 4~.3 49.4 4 8. 9 
·1:e: 48.6 50.0 49.2 
1-9 46.4 45.3 47.7 
2,0 
. . 44.6 44.0 45.0 
21 43.2 43.6 45.4 
2:2 
.. · .. 
40 .1 39.8 40.1 
2,3: 38.9 39.9 40.0 
24 3 7 .1 38.0 37.8 
.·2.5: 36.4 36.4 36.4 
.... 
2.6' 36.5 36.5 36.S 
'2:7 36.6 36.6 36.6 
'·· -·2a 36.8 36.8 36.8 
· .... 
:z:9 37.a 37.0 37.0 
.105·· 
·D 
3 3:. 0 
3 3 .1 
33.3 
35.3 
34.5 
3 7 .1 
36.8 
39.6 
40.4 
44.0 
. . . . . . 
44.9 
47 •. 1 
47.4 
47.6 
47.3 
49.7 
4 8 .1 
47.9 
48.3 
46.9 
46.0 
44.0 
41.9 
39.3 
3 S3. 0 
36.4 
36.5 
3 6 • 6 
36.8 
3 7 .o 
1· 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
HID= .75 
T = 1.09 SECONDS 
W, ~. V E H E I G H T = 1 6 • 7 6 3 1 C M 
ELEVAT.ION READINGS IN CM 
PPO'.ftL;~S 
. . 
A 8 C. 
0 33.0 33.0 .3 3:._Q_ 
'1 33.1 3 3 .1 .3 3 .1 
:2 33.3 33.3 33.3 
.. 
·3 34.3 33.4 34.0 
·.4 35.6 3:5. 3 34.5 
·5 .. 36.9 36.0 35.0 
-6·. 36.5 37.8 37.4 
7· 40.7 40.3 40.1 
8 . 41. 6 41 • 1 42.5 
9. 40.7 43.6 41.4 
1 o· 44.3 4 5. 6. 46.5 
:1·1 4 7. 'J 46.6 47.4 
:t2: 46.7 47.d 48.5 
t.:3 46.4 47.9 4B.9 
1:4 47.1 4] .1 43.0 
·t."5 49.5 43.3 47.2 
·lli 49.6 49.4 47.4 
1''7' 49.6 49.6 46. 5. 
1-:8 . 49.3 48.9 4 8. ·t 
. . 
1: 9' 46.7 45.8 47.9 
:20: ,. ,'. 44.7 44.0 45.0 
2'1 . .:·:: '. 43.2 43.4 4 5. 4 
:_2·'_2_: 40.4 41 .1 40 .1 
:2·: __ 3· 38.7 39.9 3 ·~. 9 
-2:4 37.1 37.7 33.5 
2::5·. 36.4 36.4 36.4 
'2:6 . ' '. 36.5 36.S 36.5 
2-7· 36.6 36.6 36.6 
-2·8 36.8 3 6 • -8 36.8 
--2-9· 37.0 37.0 3 7. 'J 
.106 
·D 
3:-3_,.0 
3 3 .• 1 
33.3-
.. 
34.6 
34.5 
36.3 
33.9 
3~.8 
40.5 
44.0 
45.0 
4 7-. 8. 
47.4 
47.6 
47.Y 
4~.7 
48.2 
47.8 
47.7 
46.7 
46.0 
44.2 
41.9 
39.2 
38.0 
36.4 
36.5 
36.6 
36 .• 3 
3 7.. '.Q: 
SURVEY OATA FOR MONOCHROMATIC WAVE TEST 
H/0 = .75 
T = 1.09 SECO~DS 
WAVE HEIGHT= 17.0679 C~ 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS 3 C 
0 33.0 33.0 3 3 • .J 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 34.1 
4 35.4 37.0 34.7 
s 38.0 3 7 .1 34.~ 
6 38.0 39.9 37.Q 
7 41 .1 40.4 40.1 
3 41.7 41 • 3 42.5 
9 43.8 44.1 42.0 
1 0 45.7 45.4 46.3 
1 1 46.0 45.5 45.2 
12 45.6 46.2 47.8 
13 46.2 46.2 47.9 
14 47.2 46.5 48.2 
1 5 4d.8 47.3 47.5 
16 49.6 46.9 47.3 
17 47.2 46.6 48.0 
1 8 47.3 46.1 43.3 
19 46.5 46.6 48.1 
20 46.4 45.4 45.1 
21 43.4 43.5 43.3 
22 4 0. :J 41. 7 40.0 
23 41. 2 40.C 40.7 
24 37.4 37.7 33.2 
25 36.4 36.4 3~.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.3 36.S 36.3 
29 37.0 37.0 37.0 
107 
D 
33.Q 
34.6 
33.3 
35.3 
35.4 
36.3 
38.4 
40.6 
42.6 
43.8 
45.0 
45.5 
45.8 
47.5 
48.5 
43.0 
47.2 
47.5 
47.8 
46.8 
45.2 
45.0 
44.2 
41.Q 
37.9 
36.4 
3g.4 
36.6 
36.8 
37.0 
. . 
,, 
SURVEY DATA FOR MONOCHRO~ATIC WAVE TEST 
H/0 = .75 
T = 1.09 SECONDS 
UNDAMAGED CONDITION 
ELEVATION READINGS IN CM 
PROFILES 
STATIO~S A 9 C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 37.4 36.5 35.9 
6 38.6 37.9 38.0 
7 41.4 38.3 40.5 
8 39.9 40.0 41 • 3 
9 43.3 42.2 43.5 
10 44.8 46.1 46.9 
1 1 47.8 48.1 43.9 
1 2 48.2 49.2 41.7 
13 47.6 49.3 49.7 
14 48.4 48.9 49.4 
1 5 4 8 .1 49.4 50.3 
16 48.9 49.5 50.4 
17 49 .1 48.4 49.4 
18 4 8 .. 5 48.2 48.6 
19 47.0 46.9 47.9 
20 45.S 45.6 45.2 
21 41.5 41.~ 44.7 
22 39.9 40.6 40.6 
23 4.0 40 •. !, 40.5 
24 37.9 3 7. () 37.4 
25 36.4 36.4 36.4 
26 36.5 36.S 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
108 
D 
33.0 
3 3 .1 
33.3 
33.4 
33.6 
35.2 
37.0 
38.9 
39.4 
43.4 
45.0 
47.7 
50.4 
5 0 .1 
50.8 
50.3 
50.4 
49.7 
4~.9 
4 9 .1 
43.6 
43.6 
39.5 
39.3 
3 7. 9 
36.4 
36.5 
36.~ 
36.8 
37.0 
SURVEY OATA FOR MONOCHROMATIC WAVE TEST 
H/0 = .75 
T = 1.09 SECONDS 
#AVE HEIGHT= 11.277 CM 
ELEVATION READINGS INC~ 
PROFILES 
STATIONS A 8 C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 37.6 35.9 35.9 
6 39.0 38.6 38.3 
7 41.3 3 8 .1 40.3 
Q 39.9 40.4 41.4 V 
9 43.8 41. 7 4 3. 8 
10 45.3 45.4 4 6 .1 
1 1 47.8 48.1 4 7. 0 
, 2 46.2 49.1 48.3 
13 46.9 48.8 4~.6 
14 47.7 48.8 4 8. ·~ 
15 47.9 48.7 47.9 
16 47.4 49.5 49.1 
17 49.2 48.4 47.4 
18 48.3 47.8 47.6 
19 44.0 47.7 48.8 
20 45.7 46.2 47.2 
21 41 .1 42.2 44.9 
22 39.8 41.0 4-i. 5 
23 3~.9 40.4 4 er~. s 
24 37.5 37.1 37.7 
25 37.3 36.4 36.4 
26 36.S 36.S 36.5 
27 36.6 36.6 36.6 
28 36.3 36.8 36.8 
29 37.0 37.0 37.0 
109 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.2 
37.0 
38.8 
41. 5 
44.3 
45.0 
47.9 
48.9 
49.3 
5D.4 
49.3 
,,.s 
49.9 
49.3 
49.4 
45.0 
43.4 
39.9 
39.0 
37.8 
36.4 
36.5 
36.6 
3 6 •. 9 
37.0 
f 
SU~VEY OATA FOR MONOCH~OMATIC WAVE T~ST 
H/0 = .75 
T: 1.09 SECONDS 
~AVE HEIGHT= 14.6296 CM 
ELEVATION READINGS IN CM 
P~OFILES 
STATIO~S A B C 
a 33.0 33.0 33.0 
1 33.1 33.1 3 3 .1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 37.5 36.8 35.9 
6 38.S 39.4 37.9 
7 41. 7 40.4 40.S 
A 40.2 41.9 41. 1 
..J 
9 43.8 43.6 42.9 
10 45.3 44.7 45.0 
1 1 47.8 45.3 46.3 
1 2 47.5 47.2 48.3 
1 3 47.1 47.1 4 8. 5 
14 47.6 49.1 48.8 
1 5 47.7 49.4 47.9 
16 47.5 49.6 49.6 
17 49.1 47.9 4 7. 7 
1 8 48.8 47.9 47.8 
19 42.9 47.4 47.8 
20 45.7 46.1 46.4 
21 41.4 42.2 43.4 
22 39.9 41.0 40.6 
23 40.0 40.4 40.6 
24 37.1 36.9 37.3 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.3 36.8 36.8 
29 37.0 37.0 37.0 
110 
I ; 
D 
33.0 
3 3 .1 
33.3 
33.4 
33.6 
35.2 
3 7 .1 
39.3 
42.7 
44.6 
45.7 
45.0 
4 8 .1 
48.2 
50.1 
49.3 
49.4 
49.7 
49.3 
49.2 
43.4 
43.4 
39.4 
39.2 
37.9 
36.4 
36.5 
36.6 
36.8 
37.0 
SU~VEY DATA FOR MONOCHROMATIC WAVE TEST 
H l'D = • 7 5 
t = 1.64 SECONDS 
UNDAMAGED CONDITION 
ELEVATION REA.DINGS IN C'.M 
·S--'T·AT IONS A 
0 33.0 
l 3 3 .1 
2: 33.3 
'3" .··· · •. _ 33.4 
=4- 33.6 
5 36.4 
.· 
.6 33.4 
-7: 42.5 
8- 42.5 
9 .. 43.8 
-1:-0. 44.0 
t·t 45.3 
1·,2 47.9 
·13. 48.4 
"1-4 .. 50.7 
1.:s 5 0 .1 
t:6 49.8 
17' 47.7 
1. 8: 48.0 
,. :9. 46.6 
,:20·: 44.6 
=2:·1. 43.4 
·-2.:2' 40.7 
2--3 40.4 
· .. · .. 
-.24. 36.3 
:,2-5 36.4 
:Z·:6.' 36.5 
.2--7 36.6 
2:_.0; 36.8 
•'".• I 37.0 
-2/-9-
.. 
P.R ·F. ·. · .. , ---
· -.. :0-. lLES· 
3. C' 
33.0 33.0 
33.1 3 3 .1 
33.3 33.3 
33.4 33.4 
33.6 33.6 
35.5 35.g 
39.4 37.8 
40.7 41 • 1 
41 • 6 41. 5 
43.6 43.8 
46.J 44.2 
47.3 47.4 
5 0. 1) 4 ~. 6 
50.6 50.7 
48.3 4 9. :S. 
49.j 5"3. 3 
49.6 48.6 
·49. 4 48.9 
48.4 48.9 
47.3 4 6 .1 
42.~ 42.1 
43.5 4 4. 1 
42.3 39.7 
38,. 7 39.4 
36·.·3 39.0 
36.4 36.4 
36.5 36.S 
36.6 36.6 
36.8 36.8 
37.0 37.0 
D 
3 3. 0 
3 3 .1 
33.3 
33.4 
33.6 
35.S 
37.9 
3 ~. 9 
41. 1 
4 2. 8 
45.2 
4~.6 
4Q.6 
so.s 
51.0 
50.7 
50.4 
49.2 
49.7 
45.9 
44.,~ 
41.9 
3 9. 5 
39.8 
38.0 
3 6. 4 
36.5 
36.6 
36.9 
37.0 
·.•, 
SU~VEY ,ATA FOR MONOC~RO~ATIC WAVE TE~T 
H/0 = .75 
T = 1.64 SECONDS 
WAVE HEIGHT= 15.2392 CM 
ELEVATION READINGS IN CM 
,O 
1 
2: 
3· 
,4 
5' 
6, 
f 
·a 
9; 
10 
1 1 
1 2 
1 3 
14 
1 5 
16 
17 
18 
1-9 
:20 
:2'1: 
2'.2 
.. 2'3 
24 
2·--s 
2'.6·· 
-27 
·2= .. 8:"· 
:2-_9· 
'A 
33.0 
33.1 
33.3 
33.4 
37.5 
39.5 
41 .1 
41. 6 
42.2 
42.9 
43.7 
43.5 
45.1 
44.6 
45. 7· 
45.9 
45.5 
46.5 
46.4 
46.3 
45.1 
42.8 
42.5 
42.1 
36.3 
36.4 
36.5 
36.6 
36.S 
37.0 
112 
PROFILE.$ 
9 C 
33.Q 
3:3 •. :1 
:33. ·3 
33.4 
35.5 
36.6 
39.4 
42.0 
41. 9 
45.2 
46.3 
45.9 
48.6 
43.6 
47.1 
47.6 
47.9 
48.1 
48.2 
46.8 
4 6 .1 
41. 3 
42.3 
37.9 
3 9 .1 
37.5 
36.5 
36.6 
36.8 
37.0 
33.0 
33.1 
33.3 
33.4 
35.0 
37.7 
39.2 
42.5 
43.1 
43.2 
44.1 
44.6 
46.9 
47.1 
47.6 
47.4 
46.6 
46.1 
4~.5 
46.4 
45.5 
44.0 
40.4 
39.4 
39.3 
37.1 
36.S 
36.6 
36.8 
37.0 
33 .• 0' 
33.1 
:3 5. 3 
35.~ 
36.3 
33.6 
39.4 
41.0 
41.0 
42.7 
43.8 
45.2 
46.6 
46.J 
46.4 
46.5 
47.1 
47.6 
47.S 
46.2 
46.4 
46.0 
41.4 
41 .1 
38.0 
36.4 
3~.5 
36.6 
36.8 
3 7 •. P. 
• 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H/0 = .75 
T = 1.64 SECONDS 
UNDAMAGED CO~OITION 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 9 C 
0 33.0 33.0 3 3. 0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.2 35.7 35.6 
6 36.8 37.6 36.a 
7 39.2 39.4 39.0 
8 42.2 42.5 41.3 
9 43.0 45.0 41.8 
10 47.S 41.~ 45.4 
1 1 48.0 47.5 44.7 
1 2 49.5 47.6 48.0 
1 3 43.3 47.1 47.5 
14 50.6 50.4 48.6 
1 5 50.7 50.1 49.7 
16 49.3 48.7 5 0.1 
17 49.1 48.0 49.6 
18 49.9 49.5 48.7 
19 48.0 49.1 46.7 
20 47.5 45.5 4 5 .1 
21 46.4 45.4 42.0 
22 42.6 41.8 43.1 
23 38.3 40.9 39.5 
24 37.5 37.2 3 7. 4 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.3 
29 37. ,J 37.0 37.0 
• ' 
113 
D 
33.0 
33.1 
•• 
33.3 
33.4 
33.6 
35.3 
37.3 
39.7 
42.3 
42.3 
46.4 
47.4 
48.4 
48.6 
48.7 
48.6 
49.2 
47.8 
48.6 
46.0 
45.7 
43.1 
. 
40.7 
39.0 
36.3 
36.4 
36.5 
36.6 
36.8 
37.0 
• 
suqvev DATA FOR MONOCHROMATir WAVE TEST 
H/0: .15· 
T = 1.64 SECONDS 
WAVE HEIGHT= 10.6674 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A B C 
0 33.0 33.0 33.0 
1 3 3 .1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.2 36.0 37.4 
6 37.7 37.6 38.4 
7 39.0 38.5 39.6 
Q 42.2 42.1 41.4 ,J 
9 42.9 45.2 41.7 
10 44.7 45.4 45.4 
1 1 45.6 47.3 46.0 
12 47.7 47.0 47.9 
13 48.2 47.1 46.9 
14 48.3 50.1 48.2 
15 48.4 49.4 so.a 
16 49.0 49.5 49.8 
17 48.9 49.3 49.4 
18 4 9. 3 49.6 48.7 
19 48 .1 48.9 4 8. 8 
20 46.9 45.3 44.5 
21 43.7 45.2 43.9 
22 42.2 41.8 43.0 
23 39.5 41.9 39.5 
24 37.5 39.0 37.5 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
114 
• 
D 
3 3·. 0 
33.1 
33.3 
33.4 
33.6 
35.2 
3 8 .1 
39.9 
42.2 
42.3 
46.2 
46.5 
47.3 
47.6 
47.S 
48.6 
49., 
48.4 
48.4 
45.9 
45.5 
43.4 
40.8 
39.6 
36.3 
36.4 
36.S 
36.6 
36.8 
37.0 
.. 
., 
• 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H/0 s .75 
T = 1.64 SECONDS 
WAVE HEIGHT= 12.4961 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIO~S A B C 
0 33.0 33.Q 33.0 
1 '3 3. 1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 3 '3. 4 33.4 
4 33.6 33.6 34.7 
5 3 5. 'J 35.9 35.0 
6 37.6 37.3 38.4 
7 3 9. 0 39.3 40.3 
~ 42.5 42.0 41.3 
9 42.6 42.7 42.0 
10 44.7 44.3 43.4 
11 45.4 47.3 45.7 
1 2 47.6 47.0 47.8 
1 3 4 8 .1 47.1 46.7 
14 48.2 so.a 4 7 .. 9 
15 47.5 49.5 49.7 
16 48.8 49.6 49.6 
17 49.1 49.6 49.4 
18 49.0 49.5 49.1 
19 47.9 48.8 48.3 
20 46.8 45.3 47.4 
21 42.6 45.2 43.7 
22 41.7 43.8 42.9 
23 40.1 .41. 7 39.3 
24 37.5 38.9 37.5 
25 36.4 36.4 36.4 
26 36.5 36. 5 36.S 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
115 
0 
33.0 
3 3 .1 
33.3 
33.4 
34.8 
36.6 
37.; 
39.8 
4 2. 4 
42.1 
4 6 .1 
46.5 
4 7 .1 
47.5 
47.4 
48.4 
49.3 
4 8.1 
48.6 
46.0 
45.5 
43.2 
40.7 
40.0 
36. 3 
36.,4 
36.5 
36.6 
36.8 
3 7. 0 
.. SURV:Y DATA FOR MONOCHROMATIC WAVE TEST 
'II. 
T = 1: • :6·4- S E C O N O S 
w.A.V'.E H ·e:·I G HT = 1 5 • 5 4 4 C M 
. ' . . . ~ 
·.E :L·E.-:V A T:I ON R E A O I NG S I N C M 
PR.QF·I:LE::s 
:S ;TA'T l:·o::NS·: A 3 C D 
.g: 33.0 33.0 33.0 33.0 
1 33.1 33.1 . 3 3 .1 33.1 
:·2. 33.3 33.3 33.3 33.3 
3· 33.4 33.4 33.4 35.1 
4 I -3.3. ·6: 33.6 34.7 34.9 
s 3·5 · 0 36 •. o 3 7 • I+ 36.5 
... ··. 
'6· .. 3·7~ 6 3:1. 9 38.5 37.4 
·7 39.1 38.6 41. 5 41.0 
:e·· 43.2 41.8 41.1 42.2 
9' ·. 44.2 42.6 43.0 43.2 
1;0: 44.9 44.2 43.S 43.8 
11: 46.9 47.2 46.0 45.4 
12_: 47.7 46.9 47.7 46.4 
1 3i 48.0 47.1 46.8 45.9 
1··4 46.4 49.6 47.8 47.3 
1 s· 47.9 49.3 49.6 46.4 
16. 48.3 49.5 49.8 47.4 
1. ·7: 48.5 48.7 4 9. S 47.4 
18' 49.2 49.4 4 9 .1 46.8 
,·,·9· 
'.: . . .. ~ 47.9 48.9 49.2 45.7 
2-Cl 46.7 46.4 4S.7 46.5 
2·1: 43.2 44.0 44.0 45.4 
.. 
2·:2·· 40.5 41. 6 44.3 40.6 
i·-3: 41.0 41.6 38.B 39.9 
2.J+. 37.7 39.0 37.5 36.3 
2·5· 36.4 36.4 36.4 36.4 
2.:6. 36.5 36.S 36.5 36.S 
2'.7 36.6 36.6 36.6 36.6 
2.,8 36.3 36.8 36.8 36.8 
·2·9 37.0 37.0 37.0 37.J 
.. • . 
. , 
Hf 1;0 = • 7 5 
:r· = 2 • 1 9 S E C O N D S 
UNDAMAGED CONDITION 
ELEV~TION qEADI~GS IN CM 
PJ~ o·F ILES 
STATIONS 3 C 
0 33.0 33.8 33.0 
1 33.1 3 3 .1 3 3. 1 
.4· 33.3 33.3 33.3 
-- . 
·3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
:5 
·- 36.5 -36.0" 37.7 
6 38.7 3·9 .·o 3 9., 
.7 40.2 40.0 41.2 
8: .4·1 .• 8· 44.3 41 .7 
9 .4.:4 •. o· 43.3 41.7 
10 ,4·7 ~4 46.2 45.6 
1 :1 :4·-8 .• 6 47.3 46.2 
12 .49. 3 49.S 48 • .7· 
,:-:3 .49.·7 48.9 49.2 
14 :4(8·.:8 4~.s 49.4 
t. :5 .49.2 4 .3. 8 49.0 
1 :6 50:. 'J. 4 8 .2 49.2 
t7' ·4:9·.1 48.4 47.9 
t8 .49 .1 48.2 49.2 
19 48.0 48.5 47.5 
20 45.1 4 5. 5; 45.2 
21 42.9 4:5 •.. a 4 '3. 4 
22 40.9 41· .1· 42.0 
23 40.0 39.9 39.2 
2:·4 38.2 37.4 36.3 
~s :. 36.4 36.4 36.4 
2,-6· 36.5 36.5 36.5 
2·7 36.6 36.6 36.6 
·2·8 36.8 36.S 36.8 
:29 37-. 0. 37.0 37. 0: 
·1·1·7· ..... 
'· ·• 
D 
33.0 
33.1 
33.3 ... 
33.4 
3 3. 6. 
3 6 .1 
39.4 
40.4 
41.5 
43.7 
46.5 
46.S 
4S.9 
. .. . 
48.2 
50.3 
49.9 
49.S 
43.0 
47.9 
47.9 
44. Q. 
4·2,. 9 
41.1 
40.9 
36.3 
36.4 
36.5 
36 .. 6 
36.8 
37.0 
. ,, 
' 
suqvev DATA FOR MONOCHROMATIC WAVE TEST 
H-/·o = • 7 5 
T = 2 • 1 9 S E C O N ·o S 
JAVE HEIGHT= 8.53398 C~ 
ELEVATION ~EADINGS INC~ 
0 
1 
-~ 
-.3 
_4: 
·5 
6 
:f . 
8 
9 
·to: 
'1:l 
·1::2 
. . . . : 
·1:·3 
14: 
·1---5 
., 6: 
·-1-7-= 
1-81 
19 
2:0 
21 
7: :,r22 
~ .. ·2 3 
:2.4 
25 
26 
:2.7 
··28 
=29 
A 
33.0 
33.1 
33.3 
33.4 
33.6 
37.2 
37.4 
41 • 2 
· 4 .. 1 •:9 
·4 3 .• _4 
-4 s·. 8' 
4=-s--. 4 
4·.9 .-2 
4 a: .•. 6 
49 .• ,5 
:4a .~-
4_9_ .,5· 
4_·9. 2 
48.3 
47.4 
44.3 
42.7 
40.8 
39.9 
37.6 
36.4 
36.5 
36.6 
36.8 
37.0 
? ~-- o t· r L :_·s· 
3 C 
33.0 
33.1 
33.3 
33.4 
33.6 
36.1 
37.9 
39.9 
45.0 
43.7 
46.Q 
47.3 
47.9 
49.S 
47.9 
4o.7 
48.4 
43.3 
48-. o: 
46.5 
45.0 
·44. 7 
41 • 1 
39.9 
37.4 
36. 4. 
36.5 
36.6 
36.8 
37,0 
3 3 • () 
33.1 
33.3 
33.4 
33.6 
37.2 
3Q.Q 
41 • 1 
41. 2 
43.5 
4 6 .1 
46.0 
49.1 
49.4 
4o.8 
43.7 
49.2 
47.9 
48.6 
47.3 
45.5 
43.4 
41. 6 
39.4 
36.3 
36.4 
36.S 
36.6 
36.8 
37.0 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
36.1 
38.3 
40.5 
42.0 
45.4 
46.3 
46.5 
48.7 
47.5 
4 S. 2·· 
4-9:. 4 
_4Q:.-o 
47.5 
47.4 
48.0 
44.9 
42.Q 
41.1 
40.8 
37.5 
3·6. 4 
36.S 
36.6 
36.8 
37.Q 
'). 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
MIO= .75 
T = 2.19 SECONDS 
WAVE HEIGHT= 9.44833 CM 
ELEVATION READINGS IN CM 
:P--R O 'F- I L :'E S-
·-,' ' .. . . . . 
:S· T A T ··I :Q.J-~ ·S ~- ·9 :c 
0 33.0 3·3. 0 33.0 
t 3 3 .1 3 3 .1 3 3 .1 
.2 33.3 33.3 33.3 
·3 ._. 33.4 33.4 33.4 
4 33.6 33.6 33.6 
.:S 3 7. 3 36 .1 37.7 
6: 38.9 38.0 38.9 
.. 7 41 .6 39.8 41.3 
8 •' .. 42.3 44.3 41.8 
. . 
,,. 43.9 45.4 43.2 
·1: 0 43.7 46.0 4 6., 
·tt 48.4 47.9 46.4 
·1 ·2 48.9 4 7. 5 4 9 .1 
-13, 48.6 47.7 4 9. 4 
·1··4_ 49.3 43.8 48.7 
·1: 5.· 48.9 48.7 48.7 
·1:.6 49" 2 48.6 49.0 
., ·1 4; .1 49.2 47.6 
.,_, 
1: 8· 48~2 47.9 48.5 
·t9 :1+7 .5 ..  46.8 46.8 
:20. ·:4.5. 5 44.7 45.2 
:21· 
. ' ·4 2. 9 44.7 4 3. 2 
:2·2 40.8 41 • 2 42.0 
'23 40.0 40 .1 3 9 .1 
2·4 37.9 37.3 36.3 
-25 36.4 36.4 3 6. 4 
·26 36.5 36.5 36.5 
:2·7 36.6 36.6 36.6 
:2.a 36.3 ' 36 .• 8 36.8 
·2:9 37.0 37 0 ... · ~-·. 37.0 
11.9' 
Q. 
33.C 
33.1 
33. 3 
33.4 
33.6 
36. 
' -39.0 
40.1 
43.9 
45.5 
4 6 •. 1· 
46.4 
4_7·- •. ·o 
43 .• 1· 
4.-6· •. 7 
4·8· '6 . . ... II . . 
.. 4 ... 9. 7: 
47.5 
47.6 
48.4 
45.6 
42.0 
41.1 
38.4 
36.3 
36.4 
36.S 
36.6 
36.8 
37.0 
'. 
SURVEY DATA FOR MONOCHROMATIC WAVE T:ST 
~,o = .75 
T = 2.19 SECONDS 
WAVE HEIGHT= 11.277 CM 
ELEVATION READINGS IN CM 
....;·...,/ PROFILES 
STAT l o·N:S A B C 
=o· 3 3. 0 33.0 33.0 
:1 3 3. 1 33.1 33.1 
·2 33.3 33.3 33.3 
l 33.4 33.4 33.4 
4. 33.6 33.6 33.6 
:5 37.0 36.1 37.3 
""6 .. 40.6 37.7 39.J 
7· 39.8 39.8 41 • 2 
:a 41.8 43.9 41.3 
:9 43.2 44.7 42.5 
1-'0 43.~ 45.3 46.2 
1: 1 47.7 46.J 46.2 
1·:2 48.6 47.3 49.0 
·1.3 4 g. 1 47.9 49.4 
·1,4 48.5 48.0 4a.s 
·1--s 47.4 47.9 48.0 
=1· 6 . ' ... 49.2 43.4 43.9 
,.·7· 47.9 48.8 47.6 
18 47.9 47.9 47.8 
1·9' 47.3 46.8 46.3 
2·0 4 2·.1 44.8 45.4 
··2.·1 4.4. ·.s 43.1 43.2 
22 :4Q:.··7 41. 0 41.7 
.23 40.0 39.9 39.4 
24 '3·7 •. 6 37.4 36.3 
.2.5. ·.36 .• 4 36.4 36.4 
2·6 36.5 .3 6. 5 36.5 
.~2':7 36.6 36.6 36.6 
:2_:-e. 36.3 36.~ 36.8 
::2.·9, 37.0 37.0 37.0 
"'--4: 
33.0 
33.1 
3 3. '3 
33.4 
33.6 
36.D 
3: a •. 6 
4 O· 4 
·. .l!I 
4··4_ ._-o: 
4 3. ·2 
46.3 
4 6. 1 
46.7 
46.9 
45.7 
4!>.8 
48.7 
43.4 
47.4 
48.2 
46.3 
42.7 
41 .2 
37.7 
38.0 
36.4 
36.S 
36.6 
3 !>. ~ 
37.0 
,. . : 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H :/..0 :: • 7:5· 
T' = 2. 19 SE CONO S 
~AVE HEIGHT= 14.6296 CM 
ELEVATION READINGS I~ CM. 
S T A T ·I O ·~- S 
'') 
1 
2; 
3: 
4. 
5: 
6 
7: 
8, 
9 
10 
·11 
·1.2-
'1:3-
14 
1: 5, 
l6: 
·1.7 
1· 8, 
·1_-9 
_2:0 
2:1 
:2.-2· 
-- ... ·. 
·2· :3:-
. . . 
·24. 
'2:5-
2·6 
. . . . . ' 
::2.7 
:2_e 
.·;9:. 
·~· 
,,/ 
.A 
.3. 3 .,0 
.3:3_.1_. 
3 3: "3 
..... 
33.4 
33.6 
35.9 
40.a 
39.9 
42.9 
43.3 
43.7 
48.3 
4 7 .1 
45.9 
46.3 
46.3 
4 a .1 
48.7 
46.6 
48.1 
44.7 
40.3 
40.9 
41.0 
.38. 2 
3:6. 4 
37.2 
36.6 
36.8 
37.0 
P-J~ :o ·F: :.XL E '.S. 
a .:C 
33.0 
33.1 
33.3 
33.4 
33.6 
36.0 
37.7 
39.9 
44.0 
4:5:. 'J 
-45.·8 
47.4 
47.3 
47.9 
4 8 .1 
4 8 .1 
48.2 
43.8 
48.7 
47.2 
44.0 
40.9 
41 .1 
40.0 
3 8. 0 
36.4 
36.5 
36.6 
36.8 
37.0 
·.3.·3. O 
·-· . 
3 3 .1 
33.3 
33.4 
33.6 
37.6 
38.6 
41 • 1 
43~8 
4.-~:,. :9 
4·5. ·7 
4 6 .1 
48.3 
43.9 
4 3. 4 
48.6 
48.1 
:4 7. 3 
47.9 
46.6 
45.2 
43.2 
42.3 
40.0 
36.3 
36.4 
36.5 
36.6 
"36·. 8· 
:37.0 
.(j 
33.0 
33.1 
33.3 
33.4 
33.6 
36.0 
39.7 
41.6 
43.3 
45.5 
46.2 
46.4 
45.4 
45.9 
48.1 
47.3 
47.9 
47.4 
47.8 
4 S3. 3 
44.9 
412. 8 
40.6 
40.1 
37.6 
36.4 
36.5 
36.6 
36.3 
37.0 
·liit 
.. 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
1-t/O = .6 
T = 1.09 SECONDS 
UNDAMAGED CONDITION 
~LEVATION READINGS IN CM 
PROFILES 
STATIONS A a C 
0 33.0 33.0 33.0 
1 3 3 .1 3 3., 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 37.2 38.3 34.7 
6 38.8 38.B 38.2 
7 41.3 41.0 40.8 
8 t.2.3 41.5 41.2 
9 44.4 4 5 .1 43.8 
10 46.1 46.5 45.7 
1 1 48.7 47.2 47.4 
12 48.7 49.1 50.1 
13 48.2 48.2 so.a 
14 49.5 50.2 4;.o 
1 5 49.0 49.2 46.8 
16 50.1 50.8 49.3 
17 43.6 4 8 .1 48.4 
1 8 48.7 47.8 48.6 
19 46.3 47.5 45.1 
20 44.3 43.9 44.1 
21 43.7 42.5 44.0 
22 41.6 41.6 41.3 
23 3d.8 38.9 39.3 
24 37.3 37.2 37.4 
25 36.4 36.4 36.4 
26 36.5 36.5 36.S 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
122 
0 
33.0 
33.1 
33.3 
33.4 
33.6 
35.7 
39.4 
37.S 
40.4 
43.2 
44.2 
47.0 
49.2 
4Q.3 
4Q.3 
4Q.3 
4; .1 
48.6 
48.7 
46.4 
45.2 
43.6 
39.5 
39.6 
36.3 
36.4 
36.5 
36.6 
36.3 
37.0 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H/0 = .6 
T = 1.09 SECONDS 
~AVE HEIGHT= 14.6296 CM 
ELEVATION READINGS IN CM 
?~~FILES 
ST~TIONS A B C 
0 33.0 33.0 33.~ 
1 3 3 .1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 36.8 38.4 35.5 
6 38.6 37.6 38.1 
7 41.3 40.9 40.7 
8 41.6 41 .1 41.2 
9 44.2 43.S 43.2 
10 45.8 46.3 46.2 
1 1 48.8 46.9 47.2 
1 2 48.6 49.1 46.5 
13 47.8 48.8 47.1 
14 49.3 48.4 48.8 
1 5 48.6 49.6 47.5 
16 49.7 50.4 48.9 
17 48.3 s a. o 48.0 
18 48.3 49.3 48.2 
19 46.7 46.0 45.7 
20 44.2 46.4 44.2 
21 43.7 43.7 44.6 
22 41.8 41.4 40.4 
23 38.7 39.1 40.1 
24 37.4 37.4 .3 7. 6 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.3 36.8 
29 37.0 37.0 37.0 
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D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.S 
37.3 
40.4 
40.4 
43.2 
45.0 
46.5 
47.6 
47.5 
50.4 
49.5 
48.7 
47.5 
48.3 
46.3 
45.3 
43.6 
38.9 
38.3 
33.7 
36.4 
36.S 
36.6 
36.8 
37.0 
, 
SURVEY DATA FQq MONOCHROMATIC WAVE TEST 
t-4/0 = .6 
T = 1.64 SECONDS 
UNDAMAGED CONDITION 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 9 C 
0 33.0 33.Q 33.0 
1 33.1 3 3 .1 33.1 
2· 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.5 36.6 36.1 
6 39.3 37.8 39.7 
7 39.6 39.6 39.3 
8 41.6 41.7 41. 5 
9 43.0 44.3 44.5 
10 46.4 45.3 45.5 
1 1 45.2 45.5 47.B 
12 48.3 48.4 43.5 
13 48.9 48.5 49.6 
14 49.8 49.0 49.3 
1 5 49.0 50.2 4 9 .1 
16 49.8 49.6 47.9 
17 48.3 50.1 49.3 
18 47.3 48.5 so.a 
19 49.7 46.7 46.6 
20 45.0 45.6 45.7 
21 46.8 I 44. 7 41.7 
22 42.2 40.9 40.4 
23 39.6 40.3 40.0 
24 36.9 37.0 36.3 
25 36.4 36.4 36c4 
26 36.5 36.5 36.5 
27 36.6 3 6 ,, 6 36.6 
28 36.8 36.8 36.8 
. 29 37.0 37.0 37.0 
124 
(Ir I 
0 
33.0 
3 3 .1 
33.3 
33.4 
33.6 
36.5 
3 8 .1 
41 .1 
41.6 
42.3 
44.7 
47.9 
46.9 
49.6 
49.3 
5 0. 1 
49.9 
5 0 .1 
48.8 
46.5 
4 5 .1 
43.6 
3 9. 2 
4 0 .1 
37.9 
36.4 
36.5 
36.6 
36.8 
37.0 
( 
SURV~Y ·DATA FOR MONOCHROMATIC WAVE TEST 
H_/p. = .6 
·r = 1 • 6 4 S E C O N D S 
WAVE HEIGHT= 11.8866 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS 9 C 
a 33.0 33.0 33.0 
1 33.1 33.1 33.1 
-2 33.3 33.3 33.3 
3. 33.4 33.4 33.4 
:4 33.6 33.6 33.6 
5, 35.9 36.S 3 5 .1 
6. 39.2 40.3 37.7 
7 39.6 39.0 3Q.2 
8 41.6 41. 1 41.3 
9: 43.2 44.3 44.3 
10 46.7 44.9 45.7 
1 1 45.4 45.6 46.2 
1::2 48.4 48.9 4 7. ·~ 
13 43.1 49.5 4 9. 2 
1-1 .. 49.0 47.5 48.S 
·1:5 S. O. 0 50.3 4 .S. 5 
t:6: 49.3 50.9 48.6 
1·7- 48.9 50.2 49.3 
1 e: 47.2 4:9 .• 3 49.3 
19 48.1 4'6 -. 4· 48.3 
:·20 45.6 45.4 46.0 
2:1 ,4 s. a 46.4 41.6 
2:·z: 42.2 41.0 40.3 
: ' . 39.a 40.1 40.0 23 
·24. 37 .1 38.0 36.3 
2·s· 36.4 36.4 36.4 
26 36.5 36.5 3 6. 5 
·:2:7· 36.6 36.6 36.6 
:·ti8: 36.8 36.8 36.8 
.29' 37.0 37.0 3 7. 0 
I) 
33.0 
33.1 
3 '3 • 3 
3 3. ,. 
33.6 
36.5 
35.5 
41. 1 
42.4 
42.9 
45.6 
47.1 
46.7 
47.9 
4B.7 
47.7 
47.5 
49.5 
48.7 
46.4 
45.4 
47.2 
39.5 
40.1 
38.1 
36.4 
36.5 
3 6 .-6. 
3~_ •. g 
3,7.0 
-..:·: ·:--..__,...-- -
.• 
s.u·:~:,v.:e·-v· o·-A·TA. FOR MO.~·o.CH.ROMATIC wAVE TEST 
Hl D = • 6 
T = 1.64 SECONDS 
~AVE HEIGHT= 12.4961 CM 
ELEVATION READINGS IN CM 
P.R. b F. I L E S 
.. 
S T·:·AT :l ON. :s A ·8 C 
0 33.0 33-. ·o 33.0 
1 33.1 3.3 .• 1· 33.1 
2 33.3 3:3 •. 3 33.3 
:1 33.4 3:3: •. 4 33.4 
.. 
.4 33.6 ]·.3 •. 6 33.6 
5· 35.9 3·_6 .7· 35.0 
:6: 39.3 4:0. 7 39.0 
1 39.6 3·Q. 3 41.4 
·a 41. 5 41.0 41. 1 
:9 43.3 44.2 44.5 
10 46.6 44.9 45.S 
1 1 45.4 45.6 45.8 
1 2 48.2 48.9 4?. 9 
13 4 7 .1 48.9 48.4 
14 49.2 47.4 48.4 
1.5 49.9 5 0 .1 48.2 
16 49.6 50.3 4 7 .1 
17 48.5 50.1 49.4 
·1··a·: 4 7 .1 48.9 49.5 
1·9· 48.0 46.1 48.7 
2·:·Cl 45.8 45.7 46.1 
2:1 45.2 46.2 43.9 
22 4:2.0 40.9 40.8 
23 ·40. 2 40.1 39.9 
24 3·7. a 3 7. 2 36.7 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
.27 36.6 36.6 .36 .• ·6· 
.za: 36.8 36.3 3·6. 8 
·2.:9 : . ,. 37-.-o.· 37. o: :3.7·.:o: 
1:2=6 
·\ 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
36.1 
37.D 
41.4 
42.3 
42.9 
45.2 
46.7 
46.9 
47.7 
48.6 
47.7 
47.4 
46.5 
48.2 
46.6 
45.4 
46.8 
39.0 
41.9 
3 8 .1 
36.4 
36.5 
36.6 
36.8 
37.0 
SU~VEY DATA FOR MONOCHROMATIC WAVE TEST 
H/0 = .6 
T = 1.64 SECONDS 
~AVE HEIGHT= 16.7631 CM 
ELEVATION READINGS IN CM 
P Jf:Q:' F· ·l L e· S 
·A ·9. C 
... 
=O 33.0 3·3·· '~): · .... 33.0 
1 33.1 3·3::.1 33.1 
·2. 33.3 33 .• 3 
. . 
33.3 
3 34.3 33.4 33.4 
4 33.6 33.6 33.6 
5 35.9 36.7 34.8 
6 39.D 40.7 38.7 
7 40.S 39.9 39: 8 
'8: 42.a 41. 1 41.4 
9. 43.2 44.1 44.3 
10. 44.5 45.2 45.6 
11 46.4 45.2 45.7 
1 2· 47.4 46.7 47.2 
13 47.5 45.8 48.0 
14 48.5 48.2 47.9 
15 48.8 48.1 47.9 
16 46.7 48.7 47.7 
17 43.2 48.3 46.7 
18 47.3 48.3 46.3 
19 46.7 47.1 46.1 
20 45.0 45.4 47.2 
2:1 45.1 46.4 44.6 
2:-2 41.8 40.9 43.1 
2::~ 39.7 39.9 40.5 
2:4 37.1 37.4 36.3 
25 3 7 II 1 37.j 36.4 
26 36.5 37.7 36.5 
27 36.6 36.6 36.6 
28. 36.8 36.8 36.8 
29 37.0 37.0 37.Q 
• 
. l-27 
· ... 
33.0 
33.1 
33.3 
33.4 
33.6 
35.8 
38.6 
40.9 
42.2 
42.8 
43.8 
46 .1 
46.S 
47.7 
48.3 
48.5 
47.4 
46.3 
4 8 .1 
47.3 
45.2 
46.9 
40.3 
40.0 
39.2 
36.4 
36.5 
36.6 
36.8 
37.0 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
·r4 / 0 = • 6 
T = 1.64 SSCONDS 
• 
. P·.R .o .. ·F ·1 .L ,E s: 
. ~- . . ·- .. 
3 C :0: 
a :3 .. ·3 • O· 3.3. :a 33.0 33.0 
1 33.1 33.1 3 3 .1 33.1 
.2: 33.3 33.3 33.3 33.3 
3: 3 :3. 4 33.4 33.4 33.4 
4. 35.2 33.6 33.6 33.6 
.s· 35.7 36.1 34.3 35.2 
6 37.0 40.5 39.0 39.3 
7 40.8 37.9 39.7 41.7 
8 41 • 4 41. 5 41.4 42.1 
9: 4 3 .1 44.2 44.6 43.1 
·10 44.3 44.9 45.8 45.5 
1 1 46.3 45.2 48.7 47.0 
, 2: 47.0 46.4 47.2 47.2 
1 :3: 46.9 46.0 4 8 .1 47.9 
14 43.3 /-i6.9 43.2 4 7. 4. 
l5 48.4 46.8 47.7 4:7.3 
1 ·6 47.0 48.0 47.5 47.3 
1:.7 48.2 48.3 47.0 46.9 
,··a 47.S 43.2 46.5 46.4 
·1··9 45.6 47.2 46.1 46.6 
20 44.9 47.9 45.6 45.2 
-
:.2·1. 45.0 46.4 44.0 46.8 
·.~:2 42.4 42.2 42.9 40.4 
2:.3 40.0 39.7 40.4 41.9 
:24 39.7 37.6 37.3 38.1 
,2.5 3 7 .1 37.~ 36.4 .37 .1 
26.: 36.5 36.5 36.5 38.2 
;2 7 36.6 36.6 36.6 36.6 
.- .·; .. 
36.8 36.8 36.~ 36.B 28 .. ·• 
. . . . 
·29 37.Q 37.0 37.0 37.0 
SURVEY DATA FOR MONOCHROMATIC WAVE rest 
H/0 = .6 
T = 2.19 SECONDS 
UNDAMAGED CONDITION 
ELEVATION READINGS IN CM 
PROFILES.· 
S:TAT!ONS A 8 C 
0 33.0 33.0 33.0 
1 3 3. 1 33.1 33.1 
:2: 33.3 33.3 33.3 
.3 33.4 33.4 33.4 
·:4 33.6 33.6 33.6 
5 35.8 34.0 35.4 
6· 38.0 37.1 35.3 
?· 39.2 39.1 4C). 3 
8 41. 5 39.6 42.0 
9· 43.5 43.1 43.4 
1 ·o· 44.4 46.4 46.5 :, .. ·. 
·11: 46.5 47.9 48.2 
·1:.2 48.4 47.9 47.9 
1·3 ... 48.2 49.2 48.6 
14 48.8 50.1 so.a 
15· 49.0 48.9 50.7 
1-6: 43.0 so.a 50.1 
·17 4-8. 4 49.8 50.3 
,. a· 48.5 48.6 48.8 
.. 
·1:9 46.2 47.3 47.S 
·2_:·o 46 .1 46.8 46.2 
2:-1 44.9 45.2 43.2 
2·:2-; 41.5 42.7 41.6 
:23;_ 39.9 38.3 39.0 
a:4_. 38.6 36.3 39.0 
:,· .s 
~- .. :. 36.4 36.4 36.4 
Z:6 36.5 36.5 36.S 
27 
. ,· 
36.6 36.6 36.6 
:z:a: 3 6 • .3 36.8 36.8 
'.2:9 .. ·: 37.0 37.0 37.0 
.129-
,i,'· ... 
•o.· 
33.0 
33.1 
33.3 
33.4 
33.6 
36.8 
37.5 
33.3 
40.5 
44.0 
45.0 
46.7 
49.1 
48.3 
4;.a 
43.5 
49.3 
48.9 
48.5 
46.9 
44.7 
45.4 
39.8 
41.0 
38.8 
36.4 
36.5 
36.6 
36.8 
37.0 
.,· ., 
SURVEY DATA FOR MONOCHROMATIC WAVE T:ST 
H/0 = .6 
T = 2.19 SECONDS 
WAVE HEIGHT= 9.14355 CM 
:LEVATION READINGS IN CM 
PROFILES 
STATIONS A 9 C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.9 35.2 34.9 
6 36.6 37.7 36.4 
7 39.2 38.9 39.8 
8 41.2 39.9 41.5 
9 42.9 42.6 42.2 
10 44.3 44.5 45.9 
1 1 45.7 46.1 47.8 
1 2 4 6. 4 47.9 47.9 
13 47.8 49.3 43.2 
14 49.0 48.7 49.7 
1 5 48.9 48.8 50.1 
16 49 .1 50.3 49.5 
17 47.8 49.3 50.3 
18 4 8. 0 48.9 49.0 
1 ~ 46.8 49.0 47.5 
20 44.5 46.7 46.9 
21 44.9 42.7 44.0 
22 4 2. 0 42.9 41.3 
23 39.7 38.0 36.2 
24 33.7 36.8 38.7 
25 36.4 36.4 36.4 
26 3 6. 5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
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D 
33.0 
3 3 .1 
33.3 
33.4 
3 3. 6 
36.7 
36.8 
39.0 
40.7 
44 .1 
46 .1 
47.3 
4 7 .1 
47.8 
48.4 
48.5 
4B.9 
48.5 
48.0 
46.6 
43.8 
45.3 
41.6 
41.1 
39.0 
3 6. 4 
36.S 
36.6 
3 ~- 8 
37.0 
• 
SU~VEV DATA FOR MONOCHROMATIC WAVE TEST 
r· = 2 • 1 9 s E c o N o-:s 
wAVE HEIGHT= 11.5818 CM 
ELEVATION READINGS IN CM 
PROFILES-
:s T:A.r:r o N_·,s .A 3 :C 
O· 33.0 33.0 33.0 
-1: 33.1 33.1 3 3. 1 
2· 33.3 33.3 33.3 
·3. 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.7 3S.2 35.2 
-6:; 36.S 37.8 36.3 
7: 39.3 38.8 39.6 
g: 41.4 43.1 41.2 
9· 40.8 42.7 42.7 
1 ;a.· 44.0 44.1 45.7 
1: 1 45.8 47.7 47.8 
12: 47.Q 47.6 47.5 
1 '3.· 47.3 48.6 47.9 
·14 47.9 48.5 4;.s 
1 5 4 8. ?' 49.5 48.4 
16: 43.2 5 o .. Q: 49.3 
1· 7 47.5 49:• 5: 50.S 
1" 81 48.6 49.$ 49.0 
·1·:_9 46.8 48-~ Z: 47.5 
:2.0 44.4 46.6 45.7 
·21: 45.3 42.7 43.5 
·22 42.0 42.5 41.5 
-23 38.6 39.6 41.1 
'2.i4 38.5 36.5 3 8. 6 
25 36.4 36.4 36.4 
:26 36.5 36.S 36.5 
·-27 36.6 ·-3·:6.6· 36.6 
-28 36.3 36.3 36.8 
'·29 37. -0: 37.0 37.0 
·13J. 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
36.3 
37.1 
3~.9 
40.5 
43.9 
44.8 
47.0 
4 7. rJ 
48.2 
48.3 
46.9 
48.3 
43.4 
4 7. -~ 
46.4 
43.8 
45.1 
41.3 
41 .1 
38.1 
37.5 
36.5 
36.6 
36.8 
37.0 
. .,._.:.: ~ 
. ' 
s 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
HID = .--6· 
T = 2 • 1 ·9 SEC ONO S 
:W A- V E N E I G H T = 1 3 • 4 1 0 5 C M 
.E:L EV A T I O N R E A D I NG S I N C M 
P ~ro F I.;L· 5, 5: 
:s-r-Ar· 1: o N s: A .g C 
·o· 33.0 33.0 .. 33.0 . . 
1 : . 33.1 33.1 33.1 
:2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 37.2 34.9 35.8 
6 37.7 38.7 36.0 
7 38.4 38.9 40.5 
•, 8 41.4 41.7 41.3 
:9. 42.8 44.3 45.2 
l.O 44.2 44.9 46.0 
·1:l 45.7 47.2 47.1 
·1 ·2 .. : :_ ~,.. - ... 4 6 .1 47.6 48.S 
1:.3 47.S 48.0 47.5 
14- 47.6 48.3 48.9 
ts 48.2 48.4 4 7 .1 
,.: .6 48.6 47.3 49.6 
1:7 47.4 49.4 43.2 
.,. 8· 47.5 49.4 4g.o 
19 46.7 47.8 47.4 
:20 46.9 46.3 45.6 
·2·1 43.4 42.6 43.1 
,2.2: 41.0 42.4 41.7 
·2:'3. 39.3 39.7 39.7 
-2·4. 33.7 37.S 38.4 
25- 36.8 37.4 36.4 
26.· 36.5 36.9 36.5 
2:7 36.6 36.6 36.6 
2'.8' 36.8 36.8 36.8 
.·2.·-9· 37.0 37.0 3 7. '1 
D 
33.0 
3 '3. 1 
33.3 
35.0 
33.6 
36.9 
3 ~. 3 
40.0 
41.1 
43.5 
44.8 
47.2 
47.Q 
46.9 
49.1 
47.S 
48.8 
48.0 
48.0 
46.7 
45.7 
45.2 
43.2 
41.1 
39.5 
37.2 
36.5 
36.6 
36.S 
31. 0 
SURVEY DATA FOR ~ONOCHROMATIC WAVE TEST 
H/D = .5 
T = 1.64 S:CO~OS 
U~DA~AGED CONDITION 
:LEVATION ~EADINGS IN CM 
PROFILES 
STATIONS A 8 C 
0 33.Q 33.0 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
~ 33.4 33.4 33.4 
-
4 33.6 33.6 33.6 
s 36.4 36.1 34.9 
6 37.8 3B.8 36.9 
7 38.4 41.3 40.4 
8 40.~ 41.5 41.7 
9 42.1 41. 5 45.2 
10 44.5 46.8 46.2 
1 1 46.4 47.5 48.6 
1 2 4·7. 7 47.8 50.2 
13 49.6 48.7 50.4 
14 49.8 50.3 49.8 
1 5 so.a 49.8 50.6 
16 so.a 48.4 49.~ 
17 50.4 49.3 49.1 
1 8 50.7 so.a 47.8 
19 47.8 47.S 47.5 
20 45.4 47.2 45.8 
21 44 .1 43.S 43.7 
22 41.3 40.4 42.0 
23 39.2 40.9 39.0 
24 37.4 37.3 36.3 
25 36.4 36.4 36.4 
26 36.5 36.S 36.S 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
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D 
33.0 
33.1 
33.3 
33.4 
33.6 
37.2 
36.9 
40.0 
41.6 
42.9 
44.7 
46.5 
47.6 
46.9 
so.a 
so.2 
49.6 
49.0 
49.0 
46.7 
45.8 
43.4 
42.4 
38.8 
36.9 
36.4 
36.5 
36.6 
36.8 
37.0 
... 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H:l O = .• : 5 
T = 1 • 6 4 S EC o·~fD·S 
WAVE HEIGHT= 12.8009 CM 
ELEVATION ~EADINGS IN CM 
PROFILES 
·s .. · T AT ·l O N $' A 8 C 
:Q 3·_3. 0 33.0 3 ~· 0 _.. . 
·1 3 '3. 1 33.1 33.1 
=2 33.3 33.3 '3 3. 3 
·3, 33.4 33.4 33.4 
. 4 33.6 33.6 33.6 
:5 .. 36.1 35.8 34.9 
·~- 37.4 38.3 36.9 
·7/ 39.0 39.1 40.4 
8 40.0 41.7 41.9 
9 42.4 43.4 45.3 
·1·0: 42.6 44.3 46.7 
·,: 1 • 46.4 47.1 4 .S. 2 
·12 47.9 47.6 4 9 .1 
13 48.4 48.4 48.9 
14 48.7 49.3 49 .• 9 
1 5 48.6 49.3 50.9 
16 4·9 .1 48.1 48.9 
17 48.3 so.a 49.2 
18 47.6 50.1 49.2 
19 46.8 45.S 47.8 
·20 ... 4 5 •. , 47.3 45.9 
:.z--, 44.2 44.0 4 3. 8 
. 
2'2 . .· '··.:. . · ... 41.2 43.7 41. 8 
·2.:.3 40.S 41.9 38.7 
2>4 33.5 36.9 36.3 
.. 
2/s.· 36.4 37.7 36.4 
26· , .. I 36.5 37.1 36.5 
'2·-7 ' . ; 36.6 36.6 36.6 
2··g: 
.. -· 36.8 36.8 36.8 
2··9 -  .. 37.0 31.·0 37.0 
13'·4 
o. 
33.0 
~ 3 .1 
33.3 
33.4 
33.6 
36.5 
36.6 
40.3 
41. 3 
43.9 
44.7 
46.7 
4 7 .1 
46.8 
49.0 
50.2 
49.6 
47.0 
48.4 
4 7 .1 
44.6 
43.4 
40.3 
39.7 
37.2 
36.4 
36.5 
36.6 
36.8 
37.0 
• 
; 
SUQVEY OATA FOR MONOCHROM4TIC ~AVE TEST 
H/0 = .5 
T = 1.64 SECONDS 
~AVE HEIGHT= 15.8488 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A B C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 36.0 3 6 .1 35.0 
6 37.3 38.9 3 7. 0 
7 39.7 41. 4 40.3 
8 41.7 42.5 41.6 
9 41. 8 43.6 45.1 
10 44.9 45.3 46.9 
1 1 45.6 46.4 4 g .1 
12 46.3 47.2 47.4 
13 47.8 47.Q 48.6 
14 48.7 47.8 49.5 
1 5 48.~ 48.4 50.7 
16 48.9 47.6 48.6 
17 48.5 47.3 49.3 
18 47.1 46.7 48.3 
19 47.0 45.9 48.2 
20 45.0 47.3 43.6 
21 44.3 44.4 44.7 
22 41.0 43.8 40.0 
23 39.3 41.6 38.7 
24 39.4 36.9 38.0 
25 37.1 36.4 36.4 
26 38.4 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
135 
D 
3 "3 • J 
33.1 
33.3 
33.4 
33.6 
37.0 
36.6 
40.0 
41.6 
43.7 
44.5 
46.9 
47.5 
4~.3 
4 3. 4 
43.7 
5 0 .1 
43.0 
4 7 .1 
46.7 
44.8 
42.5 
42.0 
40.4 
36.3 
36.4 
35.S 
36.5 
36.8 
3 7. 0 
• 
.t 
·,. 
SU~VEY DATA FOR MONOCHROMATIC WAVE TEST 
H_. /_.-o·_.·. : 5 
. .. 
T = 1.64 SECONDS 
WAVE HEIGHT= 18.2871 CM 
ELEVATION READINGS IN CM 
PROFILES 
·STATIONS -A 9 C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2·· 33.3 33.3 33.3 
3: 33.4 33.4 33.4 
·4 ,• . 33.6 33.6 33.6 
s· 36.7 3 6. J 37.9 
6· 37.1 38.9 37.6 
·7. 40.1 40.2 40.1 
s· 
' ' 
I °' 5 
'+ ~ • 4 2. 1. 42.3 
9 43.3 43.S 44.3 
J·:Q_ 45.J 43.9 45.2 
., 1 45.6 46.4 46.0 
12 46.3 46.9 46.2 
13 47.4 47.7 46.9 
14 47.0 47.9 46.3 
15 48.9 48.4 47.3 
16 4B.7 47.8 47.3 
17 48.4 47.2 47.4 
18 47.7 46.4 47.2 
19 47.2 46.2 48.2 
~o 45.7 45.3 47.4 
.21 44.1 45.3 4 3. ·~ 
·2 .. i 43.2 43.3 42.4 
t3 40.2 41.3 40.6 
~--4 39.1 39.9 39.2 
2:.5: 37.9 38.3 36.9 
2·.·6' 38.8 37.6 37.2 
·2·7. 36.6 36.6 36.6 
28 36.8 36.S 36.8 
2:9- 37.0 37.0 37.0 
.. 
33.0 
33.1 
33.3 
33.4 
33.6 
37.2 
39.0 
40.3 
41. 8 
43.6 
44.3 
45.3 
46.5 
46.3 
46.5 
47.0 
45.4 
46.7 
46.3 
45.5 
46.2 
4 4 s 4 
44.2 
40.7 
39.2 
39.6 
37.3 
36.6 
36.8 
37.0 
suqvev DATA FOR ~ONOCH~OMATIC WAVE T~ST' 
HID= .5 
T = 1.64 SECONDS 
~AVE HEIGHT= 19.811 CM 
E L E V A T I O N R E A D I N G S I N .·C ~,: 
' 
f>)~ Of :IL~: S: 
A: 
. ·.,. :9 C 'D 
a ,3:3.,0: 33.Q 33.0 3·3: •. o-: 
1 _3·3 .1 33.1 3 3 .1 33.1 
2· 33.3 33.3 33.3 33.3 
3:· 33.4 33.4 33.4 33.4 
4 33.6 33.6 33.6 33.6 
s. 35.5 36.0 39.0 37.7 
.6. 37.0 38.7 3Q.7 38.7 
7 39.9 40 .1 L. 0 • 2 40.7 
g. 42.4 ,2 ~-o 42.2 41.8 
9: 44.8 43.2 41.7 43.7 
to. 45.2 43.3 41.8 44.2 
·1:1 45.5 45.0 44.7 44.2 
,.. .z:- 45.6 45.6 46.1 45.3 
1;,3· 4 6 .1 46.1 46.7 45.1 
·1:4 47.0 46.2 45.9 45.5 
l5 ... '• 4 7. 5 45.1 4 7 .1 46.S 
., ··~· 47.5 46.3 46.3 45.4 
17-' 44.8 45.9 45.4 46.2 
1:: :6 46.4 45.7 46.7 46.4 
1:9 46.2 45.7 45.2 45.0 
,2,Q 4 6 .1 45.3 45.8 45.9 
:21· 44.7 43.7 43.8 44.4 
:_2:·~ 43.6 42.4 43.8 42.2 
-'2·3 42.0 41.5 43.8 42.2 
' .. 
:24 3 9. 1 40.7 41.9 40.9 
.z:s 3 Q. 6 41 • 3 40.8 39.6 
2'6 38.9 3 9 ID 0 41.0 3 .3. 2 
·2.7· 36.6 38.8 37.9 36.6 
:2:8 36.8 36.3 37.3 36.8 
2r:,: 37.0 37.0 37.0 37.0 
13'7 
'• 
I 
SU~VEY DATA FOR MONOCHROMATIC WAVE TEST 
t-t· ,,o. = • s 
r· = 2.19 SECONDS 
UNDA~AGED CONDITION 
ELEVATION READINGS IN CM 
PROF IL E:S 
·s T·AT I ON S A B C 
0 33.0 33.Q 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
:4, 33.6 33.6 33.6 
.. S' 35.4 35.6 35.9 
6 .. 36.6 39.0 36.9 
7 40.1 42.1 41.4 
a· 42.2 42.4 42.0 
-9 45.8 43.1 45.4 
1·0 47.2 44.7 46.4 
11 50.1 47.9 48.5 
12 48.3 47.9 4o.4 
13 48.8 48.0 43.8 
14 so.o 49.9 48.4 
15 50.3 50.3 49.8 
16 48.5 50.5 48.9 
17 48.5 47.7 48.4 
_.,. -a: 46.2 4 7., 48.2 
.. ,,.9 
.... 
46.3 48.7 46.4 
2··0 ..•. _. 45.0 42.2 47.1 
.2 .. 1 
'.; .. · . : 40.9 44.3 43.4 
·,2 43.0 41.2 41.8 :- . . ... -.. 
23 .· ,•. 38.8 39.1 40~4 
.·. 24 38.0 36.6 38.6 
as.· 36.4 36.4 36.4 
.Z.6· 36.5 36.S 36.5 
... 
·2·7· 36.6 36.6 36.6 
z:a. 
·.· . 36.8 36.8 36.8 
2:9. 37.0 37.0 37.0 
1:3:.8 ., 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.1 
37.2 
38.4 
42.1 
45.5 
44.S 
46.S 
47.8 
47.4 
49.0 
48.Q 
49.2 
46.0 
4 6. 3iJ 
47.2 
45.8 
44.4 
40.6 
39.7 
37.9 
36.4 
36.5 
36.6 
36.~ 
37.0 
,.~ 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
... 
~,o = .s 
T = 2 .• 19 SECONDS 
JAVE HEIGHT= 11.277 CM 
ELEVATION READINGS IN CM 
' 
STATIONS A 
0 33.0 
1 3 3 •. , 
2 33.3 
:3: 33.4 
4 33.6 
5 33.8 
.6·· 36.6 
7 39.7 
8 42.2 
9 44.9 
10 46.1 
1.t. 49.0 
1 '2 47.6 
1.3 48.3 
·1:4 48.3 
1,:5 48.2 
16' 49.3 
·17 47.0 
,.e:. 46.7 
·1.,9. 47.2 
·20 46.1 
21 44.0 
:2 ·2 42.8 
··2.3-· 37.8 
·24. 33.3 
.25 36.4 
2_;6 38.1 
·2·7 36.6 
28 ... 36.8 
z9: 37.0 
" 
PROF -ILE. :5. 
8 C 
33.0 
33.1 
33.3 
33.4 
33.6 
35.0 
38.5 
42.5 
43.5 
43.S 
45.0 
4 7 .1 
47.8 
47.8 
49Q5 
49.6 
50.4 
48.3 
47.4 
48.1 
45.3 
44.8 
41.3 
39.2 
37.2 
36.4 
36.5 
36.6 
36.S 
37.0 
.. •. 
33.0 
3 3 .1 
33.3 
33.4 
33.6 
35.8 
36.7 
41.4 
42.0 
44.8 
46.4 
48.4 
43.·3 
48.6 
48.3 
49.3 
4 3. 7 
48.4 
47.9 
48.5 
46.9 
43.5 
42.9 
39.7 
39.4 
36.4 
3 6. 5 
36.6 
36.8 
37. o· 
.·, 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.1 
36.5 
39.8 
42.1 
43.9 
45.1 
46.4 
47.6 
47.S 
4g.7 
49.0 
49.0 
46.3 
45.9 
45.8 
46.2 
44.7 
40.7 
39.3 
37.S 
36.4 
36.5 
36.6 
36.8 
37.0 
..; 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H/D = .5 
T = 2.19 SECONDS 
WAVE HEIGHT= 14.0201 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 8 C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
s 35.7 35.S 35.8 
6 38.5 38.8 39.1 
7 40.6 41.9 39.5 
8 43.2 42.2 41.7 
9 43.5 44.8 45.3 
10 45.4 44.7 46.S 
1 1 48.1 48.1 47.3 
1 2 47.7 4 8 .1 48.4 
13 48.3 49.4 48.9 
14 47.9 49.6 48.2 
15 46o7 50.6 49 .1 
16 47.4 48.7 48.5 
17 46.2 46.6 48.5 
18 46.4 46.7 48.0 
19 47.2 47.2 48.5 
20 45.7 43.3 46.9 
21 43.8 44.3 43.4 
22 42.9 41.7 42.7 
23 38.7 '3 Q .1 33.8 
24 38.1 36.7 ,3 6. 4 
25 37.7 36.4 36.4 
26 36.5 36.S 36.5 
27 36.6 36.6 3 6. 6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
140. 
I~ 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.2 
36.5 
40.2 
42.4 
44.0 
44.5 
46.3 
47.4 
47.2 
48.6 
48.2 
48.7 
46.1 
46.4 
45.8 
46.2 
44.7 
40.7 
40.4 
37.9 
36.4 
36.5 
36.6 
36.3 
37.0 
.. 
\ 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
HID:: .S 
T = 2.19 SECONDS 
WAVE HEIGHT= 16.1536 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A B C 
0 33.0 33.0 33.0 
1 3 3 .1 3 3 .1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 3J.4 
4 33.6 33.6 33.6 
5 35.5 35.4 35.7 
6 36.4 38.9 39.2 
7 40.0 41.9 39.6 
8 42.7 ,4 2. 2 41.5 
9 44.4 44.7 45.5 
10 44.8 46.1 46.1 
1 1 46.0 47.~ 46.7 
1 2 46.8 47.5 47.6 
13 46.6 47.8 48.6 
14 4 6 .1 48.8 4 8 • :5 
15 46.0 48.5 49.3 
16 47.2 48.6 48.3 
17 48.3 48.3 48.3 
18 46.9 46.6 48.2 
19 46.9 48 .1 48.4 
20 44.9 44.9 46.8 
21 43.6 44.0 43.6 
22 43.2 42.0 42.8 
23 38.5 41.1 39.6 
24 37.9 37.9 36.3 
25 37.3 37.3 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
141 
0 
33.0 
3 3 •. , 
33.3 
33.4 
33.6 
35.4 
36.8 
39.7 
41.0 
43.8 
44.3 
46.2 
4 6 .1· 
47.3 
48.7 
46.2 
46.2 
46.0 
45.9 
46.4 
45.3 
43.3 
43.4 
40.3 
40.5 
36.4 
36.5 
36.6 
36.8 
37.0 
• 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H/D a .43 
.. ' 
T = 2.55 SECONDS , 
UNDAMAGED CONDITION 
ELEVATION READINGS IN CM 
PROFILES 
.. 
STATIONS A 8 C D 
a 33.0 33.0 33.0 33.0 
1 33.1 33.1 33.1 33.1 
2 33.3 33.3 33.3 33.3 
3 33.4 33.4 33.4 33.4 
4 33.6 33.6 33.6 33.6 
5 34.8 35.6 36.0 35.4 
6 36.9 37.2 37.9 37.5 
7 3 9 .1 40.1 41.0 38.3 
8 41.3 41.7 40.6 41.8 
9 41.6 42.6 43.2 42.7 
10 44.1 45.4 45.2 46.4 
11 47.7 48.6 46.9 46.1 
12 47.4 49.7 49.8 47.6 
13 4~.4 50.7 50.5 48.5 
14 48.6 49.9 49.8 49.3 
1 5 50.3 49.6 50.4 49.5 
16 50.7 49.7 48.7 49.3 
17 lt 7. 9 49.9 48.4 49.6 
18 47.6 49.1 47.7 49.5 
19 ,46. 8 47.4 45.0 45.5 
20 44.8 44.5 43.5 45.2 
21 42.5 43.4 41.9 44.0 
22 41.6 41.0 43.2 41.3 
23 40.9 37.4 42.1 38.7 
24 37.5 37.5 37.8 38.3 
25 36.4 36.4 36.4 36.4 
26 36.5 36.5 36.5 36.5 
27 36.6 36.6 36.6 36.6 
28 36.8 36.8 36.8 36.8 
29 37.0 37.0 37.0 37.0 
142 
I , 
"' 
suqvev DATA FOR MONOCHROMATIC WAV~ TEST 
H/0 = .43 
T = 2.55 SECONDS 
WAVE HEIGHT = 17;J7~\ 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 8 C 
a 33.0 33.0 33.0 
1 3 3 .1 33.1 3 3 .1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.~ 
5 35.1 35.6 36.0 
6 36.0 36.8 37.7 
7 42.D 41.4 40.9 
8 41.0 41.0 43.3 
9 43.7 42.7 42.8 
10 45.9 45.8 46.0 
1 1 45.8 48.5 47.2 
12 46.3 48.9 48.9 
13 46.1 49.8 49.0 
14 47.9 49.7 48.4 
15 48.4 49.9 49.4 
16 49.4 50.2 49.3 
17 47.7 48.6 48.3 
18 46.9 48.7 46.5 
19 46 .1 46.4 46.4 
20 45.0 46.5 46.4 
21 43.7 44.8 42.7 
22 41.8 39.2 42.5 
23 40.5 37.5 41.7 
24 37.9 37.4 37.9 
25 37.6 36.4 36.4 
26 38.7 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
143 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.3 
3 7. 7 
39.3 
41.2 
42.1 
43.9 
44.8 
46.2 
46.1 
48.3 
49.S 
48.3 
48.5 
47.7 
47.7 
46.5 
43.8 
41.0 
33.8 
38.3 
36.4 
36.5 
36.6 
36.8 
37.0 
i. 
I I 
SURVEY DATA FOR MONOCHROMATIC WAVE TEST 
H/0 = .43 
T: 2.55 SECONDS 
~AVE HEIGHT= 17.9823 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 8 C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2: 33.3 33.3 33.3 
.. 
·3· 33.4 33.4 33.4 
4 3 :3. 6 33.6 33.6 
:·5· 34.7 37.1 36.2 
,6· 36.6 36.8 37.7 
7 39.3 39.6 40.9 
.. s·, 40.7 41.9 41.5 
9 43.2 42.9 43.5 
1:0 45.2 45.1 45.6 
,1·:1 45.6 46.2 47.0 
12 47.6 47.9 49.0 
, 3 47.5 47.5 48.9 
14 47.8 4a.4 47.6 
15 47.5 49.1 48.0 
16 49.0 49.9 49.2 
17 46.7 47.':J 48.1 
18 47.6 48.2 47.8 
19 46.7 47.3 46.6 
20 46e2 44.7 45.8 
21 43.6 4 5 .1 44.0 
22 42.0 41.8 43.6 
.., "T 
t:. '..J 41.1 39 .1 41.7 
24. 3 8 .1 36.9 37.6 
·25 37.5 36.4 36.4 
26 38.0 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.5 
37.S 
38.7 
41.3 
43.4 
45.0 
44.2 
46.3 
46.2 
46.7 
46.1 
47.6 
48.0 
47.5 
48.0 
46.4 
43.8 
41.0 
39.9 
38.0 
36.4 
36.5 
36.6 
36.8 
37.0 
l 
SURVEY DATA FOR IRREGULAR WAVE TEST 
H/0 = 1. 
T = 1.09 SECONDS 
UNDA~AGED CONDITION 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A B C 
a 33.0 33.0 33.0 
1 33.1 3 3 .1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 36.1 35.2 34.9 
6 39.2 37.6 36.5 
7 40.8 39.~ 39.3 
8 42.9 43.5 42.1 
9 44.3 43.2 44.8 
10 46.2 44.8 44.5 
1 1 48.6 48.7 49.5 
12 50.4 49.4 48.5 
13 49.8 48.S 49.5 
14 49.5 so.a 49.1 
15 50.4 51.6 49.3 
16 50.1 50.3 49 .1 
17 49.3 49.4 48.7 
18 49.9 49 .1 49.0 
19 4a.3 48.4 48.3 
20 46.3 45.2 46.7 
21 40.6 42.7 44.1 
22 41.0 41 .1 41.5 
23 31.8 38.0 37.9 
24 38.0 37.2 37.3 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
145 
•' 
0 
33.0 
33.1 
33.3 
33.4 
33.6 
36.3 
37.5 
38.3 
41.9 
42.3 
46.6 
46.2 
48.1 
4 8. 6 
50.0 
49.1 
48.6 
49.3 
49.4 
47.9 
46.3 
41.4 
40.1 
40.3 
36.9 
36.4 
36.5 
36.6 
36.8 
37.0 
SUQVEY DATA FOR IRREGULAR WAVE TEST 
• 
HID 2 1. 
T = 1.09 SECONDS 
WAVE HEIGHT= 6.40048 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 8 C 
0 33.0 33.0 33.0 
1 33.1 33.1 3 '3 • 1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 34.2 34.9 33.6 
5 37.1 37.3 34.9 
6 39.4 38.5 39.0 
7 39.1 40.4 40.4 
9 40.7 43.0 43.2 
9 42.9 42.1 44.1 
10 45.7 43.8 45.5 
1 1 ,~ 4. 3 45.9 45.8 
1 2 4 7 .1 46.0 47.5 
1 3 46.6 47.5 47.9 
14 4r.9 47.6 4~.6 
1 5 49.4 48.4 49.2 
16 50.2 48.3 48.7 
17 48.6 48.; 48.4 
18 49.3 48.4 48.8 
19 47.3 46.6 47.4 
20 45.~ 45.4 46.4 
21 40.5 42.7 44.0 
22 41.0 41.6 41.4 
23 39.4 37.4 39.7 
24 38.0 37.2 37.3 
25 36.4 36.4 36.4 
26 36.S 36.S 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
146 
0 
33.0 
33.1 
33.3 
33.9 
33.6 
36.8 
37.4 
39.2 
42.4 
44.~ 
44.6 
44.4 
45.9 
46.1 
47.2 
47.5 
48.6 
48.8 
49.4 
47.2 
46.2 
41.5 
40.1 
40.2 
37.1 
36.4 
• 
36.5 
36.6 
36.8 
37.0 
r 
SURVEY· DATA FOR IRREGULAR WAVE TEST 
~,o = 1. 
T = 1.09 SECONDS 
WAVE HEIGHT= 7.98537 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A B C 
0 33.0 33.0 3 '3 • a 
1 33.1 33.1 33.1 
2 33.3 33.3 3 '3. 3 
3 33.4 33.4 34.4 
4 34.1 34.9 35.0 
5 36.3 37.9 34.7 
6 39.2 39.4 38.8 
7 40.0 40.5 41.4 
8 41.8 43.2 42.3 
9 45.0 42.7 42.5 
10 44.5 44.6 44.7 
1 1 46.2 44.B 46 .1 
12 4 6 .1 47.3 4 7 .1 
13 45.8 48.2 46.9 
14 47.2 48.1 47.4 
15 49.6 49.1 49.6 
16 so.a 48.2 48.7 
17 48.3 48.8 48.0 
18 47.5 48.6 48.7 
19 46.9 46.4 47.6 
20 45.9 45.3 44.7 
21 43.4 45.8 44.1 
22 40.9 41.7 40.4 
23 39.5 3B.2 40.5 
24 37.6 37.5 3 7 .1 
25 36.4 36.4 36.4 
26 3 t>. 5 36.S 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
147 
0 
33.0 
33.1 
33.3 
33.4 
33.6 
36.9 
37.4 
39.2 
42.2 
44.7 
43.9 
44.5 
46.0 
46.1 
45.3 
47.5 
48.0 
48.6 
48.6 
46.8 
46.2 
41.5 
40.3 
39.7 
37., 
36.4 
36.5 
36.6 
36.8 
37.0 
(J 
SURVEY DATA FOR IRREGULAR WAVE TEST 
H/0 = .75 
T = 2.19 SECONDS 
UNOA~AGED CONDITION 
ELEV~TION ~EADINGS IN CM 
PROFILES 
STATIONS A 3 C 
0 33.J 33.0 33.0 
1 3 3 .1 33.1 3 3 .1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 3 3. 8 . 36.5 36.5 
'6 36.3 35.4 36.2 
7 41 .1 40.7 :3 9. 7 
8 41.4 42.2 41.2 
9 43.4 43.3 4 3 • Q 
10 45.7 45.2 4 6 .1 
1 1 48.2 48.1 47.0 
12 so.a s 1. er 49.2 
13 50.0 50.7 49.3 
14 48.3 50.7 49.7 
15 49.8 50.7 4 ~. 8 
16 50.4 51. 2 5 0. 1 
17 so.a 50.2 48.8 
18 S0.3 49.4 49.0 
19 47.2 46.8 45.7 
20 44.7 44.4 43.0 
21 43.1 44.3 42.3 
22 41.6 41.5 42.4 
23 41.4 40.6 38.4 
24 37.9 37.3 3 .~. 0 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8' . 36.8 36.8 
29 37.0 37.0 37.0 
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D 
33.() 
33.1 
33.3 
33.4 
33.6 
35.5 
37.0 
3~.7 
41.7 
45.0 
42.9 
46.5 
48.9 
' 
49.3 
43.6 
4 8. 0 
49.7 
49.3 
48.1 
48.5 
44.2 
43.5 
41.0 
37.9 
38.2 
36.4 
36.5 
36.6 
36.8 
37.0 
\ 
SURVEY DATA "FOR IRREGULAR WAVE TEST 
HID= .75 
T = 2.19 SECONDS 
WAVE HEIGHT= 4.78512 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 9 C 
0 33.0 33.0 33.0 
1 3 3 .1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 33.8 36.4 35.1 
6 35.8 35.7 36.3 
7 40. 9 40.7 39.6 
8 40.7 42.1 41.0 
9 45.0 43.1 43.6 
10 46.9 45.5 44.4 
1 1 4 7. 5 48.4 47.3 
12 49.7 so.a 49.1 
13 49.6 50.5 47.1 
14 4 7. 3 50.2 49.4 
15 49 .1 ·51 • 5 49.7 
16 49~ 8 50.8 so.a 
17 4 7 .a 50.2 48.7 
18 4 8. 7 49.6 47.7 
19 47.4 46.6 47.2 
20 44.2 44.3 42.1 
21 42.6 44.1 45.8 
22 42.0 41.2 42.4 
23 41.9 39.2 38.3 
24 37.8 36.8 37.9 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 :s6. 6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
149 
D 
33.0 
3 3 .1 
33.3 
33.4 
/~3.6 
35.5 
36.~ 
39.4 
43.5 
44.7 
43.0 
46.4 
48.1 
48 .1 
47.5 
48.2 
49.6 
47.2 
47.8 
47.9 
43.3 
43.3 
41.4 
37.3 
38.4 
36.4 
36.5 
36.6 
36.8 
37.0 
.. 
S U ~ V E Y O A T A F O R~ I R R E G U L A R W A V E T E S T 
HID= .75 
T = 2.19 SECONDS 
WAVE HEIGHT= 7.S0249 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A B C 
0 33.0 33.0 33.0 
1 33.1 33.1 3 3 .1 
2 33.3 33.3 3 3. 3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.5 38.3 34.8 
6 38.6 37.5 3 6 .1 
7 41.0 40.6 39.7 
8 · 40. 5 43.9 41.2 
9 44.5 44.2 43.6 
10 46.1 45.0 44.5 
1 1 46.8 47.7 46.6 
12 46.9 47.2 48.8 
13 47.5 47.6 47.4 
14 48.3 49.3 49.1 
15 49.1 46.5 48.3 
16 48.8 49.3 48.9 
17 47.2 47.5 49.3 
18 48.5 47.2 48.7 
19 47.7 46.4 4 7 .1 
20 43.3 44.8 44.3 
21 43.6 43.3 42.9 
22 42.0 43.0 42.0 
23 41.6 41. 2 40.7 
24 38.0 38.1 38.4 
25 36.4 36.4 36.8 
26 36.5 36.5 38.2 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
150. 
"' I 
D 
33.0 
3 3 .1 
33.3 
33.4 
33.6 
35.5 
37.2 
39.0 
4 3. 0 
44.3 
47.S 
46.1 
47.4 
47.7 
47.3 
47.2 
47.S 
47.2 
46.5 
47.6 
45.0 
43.5 
41.2 
38.4 
38.5 
37.7 
36.5 
36.6 
36.8 
37.J . 
SURVEY DATA FOA IRREGULAR WAVE TEST 
H/0:: .6 
T = 1.64 SECONDS 
U~OA~AGED CONDITION 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 8 C 
0 33.0 33.0 33.0 
1 3 3 .1 3 3 .1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.6 35.2 35.2 
6. 35.7 33.4 3 9 .1 
7 37.a 38.5 38.6 
8 42.5 42.0 42.9 
9 43.5 43.8 44.7 
10 47.8 46.4 46.4 
11 48.9 46 .1 46.5 
1 2 48.9 49.4 4 8. 2 
13 48.5 49.2 48.2 
14 49.6 so.a 49.5 
15 49.1 49.8 4 8.1 
16 so.a 48.7 48.7 
17 4 7" 5 49.3 49.5 
18 47.0 48.2 50.2 
19 46.9 47.2 47.5 
20 45.0 44.3 46.1 
21 40.3 42.4 45.7 
22 41.5 39.9 41.2 
23 39.5 39.3 39.0 
24 38.3 36.S 37.9 
25 36.4 36. 4- · 36.4 
26 36.5 36.5 36.S 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
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D 
33.0 
33.1 
33.3 
33.4 
33.6 
36.3 
35.4 
41 • 1 
41.9 
42.2 
46.0 
49.6 
43.6 
48.8 
50.9 
so.a 
50.1 
48.8 
46.7 
48.3 
46.0 
43.1 
41.0 
38.4 
37.3 
36.4 
36.5 
36.6 
36.8 
37.0 
• 
SURVEY O A·T A FOR IRREGULAR WAVE TEST 
HID= .6 
T = 1.64 SECONDS 
WAVE HEIGHT= 8.44254 CM 
ELEVATION READINGS IN CM 
STATIONS 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
\ (· 
27 
28 
29 
A 
33.0 
33.1 
33.3 
33.4 
33.6 
36.0 
36.1 
39.9 
43.3 
45.6 
45.6 
4 7 .1 
47.3 
47.9 
48.3 
48.3 
47.4 
46.5 
46.6 
45.7 
43.8 
44.6 
40.3 
40.0 
38.8 
36.4 
36.5 
36.6 
36.8 
37.0 
PROFILES 
B C 
33.0 33.0 
33.1 33.1 
33.3 33.3 
33.4 33.4 
34.9 34.6 
37.2 35.0 
3 8 .1 39.0 
40.8 41.0 
43.6 42.8 
44.2 44.9 
45.8 44.6 
46.8 48.0 
48.2 47.0 
48.2 4.9. 2 
47.5 49.6 
48.1 48.7 
47.5 49.0 
47.4 47.9 
47.8 47.5 
46.4 47.4 
44.4 46.2 
40.4 45.4 
40.1 40.9 
39.3 40.4 
36.3 .. 37.6 
36.4 36.4 
36.5 36.5 
36~6 36.6 
36.8 36.8 
37.0 37.0 
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D 
33.0 
33.1 
33.3 
33.4 
33.6 
36.3 
35.6 
41.2 
43.8 
4 5. "6 
46.3 
46.8 
48.0 
48.3 
48.8 
47.9 
49.0 
47.6 
4 7 II 5 
48.6 
45 ,,8 
' ,. 5 ~ '. 
39.5 
40.4 
37.3 
36.4 
36.5 
36 .. 6 
36.8 
37.0 
.. ' 
... 
J , , 
SURVEY DATA FOR IqREGULAR WAVE TEST 
HID = .5 
T = 1.64 S~CONDS 
UNDAMAGED CONDITION 
ELEVATION READINGS IN CM 
PQOFIL~S 
STATIONS A 9 C 
0 33.0 33.0 33.0 
1 33.1 33.1 33.1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.2 36.3 35.4 
6 35.9 37.6 40.1 
7 41.3 42.1 38.8 
8 43.2 42.4 42.4 
9 45.9 43.6 43.7 
10 46.7 46.3 43.6 
11 47.4 47.5 46.6 
1 2 48.8 49.6 s 1 • a 
13 48.7 50.5 51 .1 
14 50.2 51 .1 49.5 
1 5 49.S 50.9 49.7 
16 50.3 49.2 48.6 
17 50.4 48.0 49.0 
18 49.1 48.0 47.8 
19 4 7 .1 46.6 48.2 
20 43.1 45.3 46.6 
21 42.9 40.5 42.2 
22 39.4 40.4 38.6 
23 37.4 40.5 3 9 .1 
24 33.3 3 7. '3 36.3 
25 36.4 36.4 36.4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 36.8 
29 37.0 37.0 37.0 
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0 
3 3. 0 
3 3 .1 
33.3 
3 3. 4 
33.5 
35.2 
38.3 
3 9 .1 
3 9 .1 
43.5 
45.~ 
44.S 
4 9. 4 
49.5 
46.8 
SO. 4 
4 8. 7 
46.4 
4 7 .4 
44.6 
46.6 
43.7 
4 2. 0 
3 8. 3 
36.3 
36.4 
3 6. 5 
3 6. 6 
3 6. 9 
37.0 
.. , .. 
~-,.:. •. !.'-·--· 
SURVEY DATA FOR IRREGULAR WAVE TEST 
HID= .5 
T = 1.64 SECONDS 
WAVE HEIGHT= ~.77781 CM 
ELEVATION READINGS IN CM 
' . 
' . 
PROFILES 
STATIONS A 9 C 
0 33.0 33.0 33.0 
1 33.1 33.1 3 3 .1 
2 33.3 33.3 33.3 
3 33.4 33.4 33.4 
4 33.6 33.6 33.6 
5 35.1 36.4 35.4 
6 35.7 37.7 40.0 
7 41.3 42.1 38.6 
8 · 4 2 .1 t. 2 • 4 4 2. 4 
9 45.7 44.3 43.6 
10 44.9 45.3 45.7 
1 1 46.2 46.3 4 7. 2 
1 2 48.3 49.7 47.9 
13 48.6 50.4 4 3. 4 
14 49.1 48.4 47.6 
1 5 49.6 48.3 49.7 
16 so.a 48.1 4 8. 4 
17 50.2 47.6 4 8. 6 
18 43.9 47.3 4 8. 3 
19 46.9 45.9 48.0 
20 43.2 45.7 46.4 
21 42.8 44.2 4 2. 8 
22 39.4 41.6 38.0 
23 37.8 40.1 3 ~. 9 
24 38.2 37.9 36.3 
25 36.4 36.4 3 6. 4 
26 36.5 36.5 36.5 
27 36.6 36.6 36.6 
28 36.8 36.8 3 6. 8 
29 37.0 37.0 3 7. 0 
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" . 
D 
33.0 
33.1 
33.3 
33.4 
33.6 
35.2 
3o.1 
39.0 
3~.8 
43.2 
44.2 
47.S 
47.9 
47.3 
48.9 
47.9 
49.6 
4~.2 
47.2 
45.3 
46.6 
43.4 
42.5 
37.9 
36.3 
36.4 
36.S 
36.6 
3~.B 
37.0 
., 
SURVEY DATA FOR IRQEGULAR WAVE TEST 
. , 
~,o = .s 
T = 1.64 SECONDS 
~AVE HEIGHT= 9.08259 CM 
ELEVATION READINGS IN CM 
PROFILES 
STATIONS A 3 C 
0 '3 3 • 0 33.0 3 3. 0 
1 3 3 .1 33.1 3 3 .1 
2 33.3 33.3 3 3. 3 
3 33.4 35.2 3 S. 1 
4 33.6 34.9 33.6 
5 35.8 35.2 35.6 
6 39.0 39.9 37.7 
7 3 8. 7' 41.9 39.6 
8 43.4 42.3 42.5 
9 43.4 44.4 43.9 
10 44.7 44.3 45.6 
1 1 45.7 46. ·'J 46.S 
12 43.6 46.~ 46.7 
13 48.6 47.0 47.2 
14 4 7 • :, 48.5 47.5 
1 S 48.6 47.2 48.4 
16 48.5 47.7 4 B .1 
17 48.4 48.9 47.8 
18 4~.7 48.0 47.7 
19 46.9 47.6 47.5 
20 43.4 45.7 46.6 
21 42.1 45.7 43.6 
22 39.7 41.4 3B.O 
23 37.8 40 .1 39.9 
24 39.2 38.2 3 7. 3 
25 30.5 30.5 36.4 
26 30.5 30.5 36.5 
27 30.5 30.S 36.6 
28 30.5 30.5 36.8 
29 30.S 30.5 37.0 
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j 
) 
/ 
33.0 
33.1 
33.3 
33.4 
33.6 
35.4 
36.5 
37.7 
42.6 
43.3 
43.7 
47.3 
47.9 
47.6 
48.8 
4~.o 
4.~ .1 
43.5 
48.3 
45.8 
47.4 
46.4 
41.8 
3~.o 
36.3 
36.4 
36.5 
36.6 
36.8 
37.0 
~··· 
.. 
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